12 United States Patent

Baba et al.

US011037701B2

US 11,037,701 B2
Jun. 15, 2021

(10) Patent No.:
45) Date of Patent:

(54) TRANSMISSION LINE SUBSTRATE AND
ELECTRONIC DEVICE

(71) Applicant: Murata Manufacturing Co., Ltd.,

Nagaokakyo (IP)
(72) Takahiro Baba, Nagaokakyo (IP);
Lijun Zhao, Nagaokakyo (JP); Chu
Xu, Nagaokakyo (JP); Hiromasa
Koyama, Nagaokakyo (JP); Satoshi
Matsuura, Nagaokakyo (IP)

Inventors:

(73) MURATA MANUFACTURING CO.,

LTD., Kyoto (JP)

Assignee:

Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 1534(b) by 0 days.

(%)

(21) 16/181,717

(22)

Appl. No.:
Filed: Nov. 6, 2018

Prior Publication Data

US 2019/0088388 Al Mar. 21, 2019

(65)

(30) Foreign Application Priority Data

JP2016-098850
JP2016-160664
JP2017-000843

May 17, 2016  (JI
Aug. 18,2016 (It
Jan. 6, 2017 (I

(51) Int. CL
HO1B 11/00
HOSK 1/02

(2006.01)
(2006.01)

(Continued)

(52) U.S. CL
CPC ... HOIB 11/002 (2013.01); HOIB 7/18
(2013.01); HOIP 3/08 (2013.01); HOSK

170221 (2013.01);

(Continued)

Field of Classification Search
CPC HO5SK 3/0014; HOSK 3/45; HOSK 3/4697;

HOSK 1/02; HOSK 1/11; HO3K 1/0221;
(Continued)

(58)

100

(56) References Cited
U.S. PATENT DOCUMENTS
6,040,524 A * 3/2000 Kobayashi ........... HOSK 1/0219
174/36
6,133,805 A * 10/2000 Jamn .............ooeeeie, HO1P 3/088
333/1
(Continued)
FOREIGN PATENT DOCUMENTS
DE 27 23 163 Al 11/1978
JP H05226500 ¥ 09/1993 ...l HOIL 23/12
(Continued)

OTHER PUBLICATTONS

Official Communication 1ssued in corresponding Japanese Patent
Application No. 2020-077352, dated Mar. 23, 2021.

Primary Examiner — Steven 1 Sawyer
Assistant Examiner — Paresh H Paghadal
(74) Attorney, Agent, or Firm — Keating & Bennett, LLP

(57) ABSTRACT

A transmission line substrate includes a stacked body that
includes insulating base materials, first and second signal
lines, and first and second ground conductors. The second
signal line 1s provided on a layer different from the layer of

the first signal line and extends in parallel with the first
signal line. The first ground conductor 1s provided on the
same layer as the layer of the second signal line and
overlapped with the first signal line when viewed 1in the
Z-axis direction. The second ground conductor 1s provided
on the same layer as the layer of the first signal line and
overlapped with the second signal line when viewed 1n the
Z-axis direction. A first transmission line includes the first
signal line, the first ground conductor, and an insulating base
material, and a second transmission line includes the second
signal line, the second ground conductor, and the insulating
base material.

21 Claims, 19 Drawing Sheets

10)

37 35 45
/ VS

44 Vo2



US 11,037,701 B2

Page 2
51) Int. CL 2013/0106528 Al* 5/2013 Christian ............. HO5K 1/0251
(51)
HOIP 3/08 (2006.01) | 333/33
HOSK 1/11 (2006.01) 2013/0322029 Al* 12/2013 Hurwitz .............. HOSK 9/0024
HOIB 7/18 (2006.01) ) | 361/748
HOSK 3/46 (2006.01) 2014/0071646 Al* 3/2014 Qian .......co........ HO5K 1/0219
(52) US. Cl. 2014/0292449 Al 10/2014 Kato et al oL
CPC ------------- H05K 1/11 (201301)3 HO-SK ]/0298 2015/0295296 Al He 10/2015 IkemOtO ************* HOIQ 21/0075
(2013.01); HOSK 3/4697 (2013.01); HOSK 343/203
220170723 (2013.01); HOSK 2201/09018 2015/0296609 AL* 10/2015 HSU woreovoeooosii HO5K 1/0224
(2013.01); HO5SK 2201/09236 (2013.01); HOSK 174/262
2201/09618 (2013.01); HOSK 2201/09709 2016/0028140 Al1* 1/2016 Kato .....ocovvvevenn... HO5SK 1/0242
(2013.01) 333/238
(58) TField of Classification Search e S B e e
CPC ... HOSK 1/0298; HOSK 2201/09618: HOSK 0170084074 Al 39017 T gyatt'“l """"""""
2201/09236: HO5K 2201/09018: HO5SK 0170187087 Al €017 szz Zt 21*
2201/0723; HO1P 3/00; HO1P 3/08; HO1P ) ) ) |
3/088; HO1P 5/028:; HO1B 11/002; HO1IB
7/18 JP 11-054943 A 2/1999
See application file for complete search history. JP HI1163539 A * 6/1999 ... HOLL 2224/162
JP 2001144451 A * 5/2001  ooovoivii, HO5K 1/02
: JP 2002-185219 A 6/2002
(56) References Cited P 2003-008310 A 1/2003
-ﬁ JP 2003069239 A * 3/2003 .o HO5K 1/02
U.S. PATENT DOCUMENTS P 2003-188600 A 715003
0,930,770 B2* 3/2018 Kim .ooovovvvvivinn, HO5K 1/0218 ‘-—E %888:%38}12 i égggg
2010/0182105 Al*  7/2010 Hein ...oooovvvvenn.... HO5K 1/0219 W 5013/103130 Al 72013
| 333/239 WO WO-2015005028 Al * 1/2015 woovveiin! HO1P 3/085
2011/0121922 ALl*  5/2011 Blair wooveeeoovoeoininn, HO 1P 3/00 WO 2015/186770 Al 12/2015
333/238 WO 2016/047540 Al 3/2016
2012/0039016 Al*  2/2012 Togashi ....ccovvr... HO1G 4/35
361/302 * cited by examiner



U.S. Patent Jun. 15, 2021 Sheet 1 of 19 US 11,037,701 B2

Fig 1A
CP1 CP2

+

*
* + + + + F ¥ F F+ F FFFFFEFFFEFFFEFFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFFE A FE
+

.+
et
+

5 Tl *

F + + + +

Fig. 1B

AP _AP5 »
apg AR4 7 7Y APS

A . oy

-+
g ++ + + + + * + + + + ++ +++ ottt ottt ottt ottt ottt ettt ottt ottt ottt ottt ottt ot +++ + * + + * + +++
+ + +
+ + * + + + + + + * + + + + + + +
+ + + " + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+T + + + +
+ + + + + + + + F + + +
+ +
+ +
+ +

+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
+ + g + + + + + +
+ + + + o+ + + + + +
+ + + + + + + +
+ + + + + + + +
+ + + + + + + +
+ + + + + + + + +
+ +
+ +
+ +
H + +
+ +
+ + + + +
+ + +* + +
+ + + + +
+ + + + +
+ + +* + "+
+ + + + +
++ + + + + + + + + * + + + + + + ++

+ +
+ + + + + + + F+ +++ ottt ottt ottt ottt ottt ottt ottt ottt ottt

V1. V3 e 99

\ e 0N o7
”

4 7 % § %
+
B “E ++++++++++++++++++++++++++++++++++++++++++++++++-I--I-+-I--I--I--I--I--I--I--I--I--I--I--I--I-+++-I--I--I--I--I--I--I--I--I--I--I--I--I--I--I--I-+-I-++-I-++-I-++-I--I-+-I-+-I--I-+-I--I--I-+-I-++-I-+-I--I-++-I-++++++++++++++++++++++++++++++++E+++++++++++++++

~., LS ¢ ’ <
E 3 'h by ++++++ I+ J“ = ‘

+
+
-+
+

!
4
13
1

.
o oF o - e = Yl
£ S 53 {3 -

L |

o
%
h

F
iy

[
+

a
i,

b
"#.'h:r
&

+*

L

= e
[+

+
+*
+

+
+ H [+ + + + + + k + + t k hE kbt Et ok EF ot EEttE ot EE Attt AR E A E A E b EE T AR A
++ :.ﬂl"" ry n + + H +
* [ b £ E“ ! r 't"' i - T * 1y ]
+ + H H +
. 1% A g 'H - p. y -
A W n 3 d 5 r: & K
++ + o+ + + F o+ . ’ ‘ + + + + + + + + ‘

N
+++++++++++++++++++++++++ "i‘. 5
‘_ + h’,‘:
i+ - it
W
W
+

+_+ _+

+

+ + + + + + + + + + + + + + + + +F F + A+ttt ottt ottt ottt sttt ottt rttr+t

L+ J+ ] --*

R P

+* +
+ + + + + + + + + + + +t ++ ++t F

61" /

’

Vi3~

+

+
(YErErL Y F
-

+
+ + + + + + + + + + + +t +r + +t T

+
+
+
+
+
+

+ + + + + + + + + + + + + + + + + +F + + + + + + + +

v

¥

umnnnntuuuumn?mu "‘+
/s

+
+ + + *+ + + F + + + F F F A+ FFFFFEFFFEFFEAFEFFEFEFFEFEFFEEFEFFEFEFFEFEFFEFEFFEEFEFFEAFEFFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFFEFEFFEEFEFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFFEFFFEFFFEFFFEFFFEFEF

AF o P PP S R B W N Y P
Al N W YR M N AR Y

TR E 3 A R TET T T O o o § oy T

A ITEEEFDOD P> I T EXE K )

L BB R 1 X 2 K.l Lk L J J

F £ 1 9 A FIFIFEFRF F F 4 § 4§ G FRFl+]

L B X 4 a0+l h b 3 J X 3 0]

el vl ol e B P e B ol W P R
HEE K E IS B NKK K KL

+
+
+
+
+
+*
+
+
+
+
+
+
+
+
+*
+

+ + + + +

+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+*
+
+
+

+
W AN A o Y YA R W Y P e

3
+
+

+
4
&
ki
]
]
|
R
|
A
4
4
¥
"]
]
|
N
R
+
4
+

M
+ ]+

-
+ ¢ | k|
+++ E d “w “w m“m“w” b + : :
+++ ’ : ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ F -
*
+++ L1 1] £ o + * * + + + X 4 L
""ﬁ + + + | [ 5 ¥ +
L i i '+ lf ‘a. - F b J n i +
“ L2 O Lo 4 14 4 oA 4 ' ‘
* + .
e L L] -” w w L |
+++ + + + F F FF ok FFFFFFFEFEFFEFFFEFFF . ﬂ : ' + + + ¥ + + ¥ F +F F FFFFFAFFFFFFFFF
p [ i ] e
+ L ] 'd L =
¥ iy 'ﬂ-' Sy
3 E "‘* “h
+++ R
iy ] : |
+
" a
n 1
+
* ¥
+ +
+ oy

L L B L B 4 J B L b 1 1 1 3

ol Ll BB AR G B ERGE - B B
dAFEREEIFNDOOO NN ITENENK T
M A W A P N Y
sl e B P Pl e Bk bl N R

+ F § 4 3 HIEFpFH F F 3 1 4 H i)
fEEFEFDOAASSE R
+H F B F £ 8 9 FFRFEFH FF 3 1 34

ol R Bk Rl R P P M vl e TR R M B

+ +
+ +
+ " + + + + + + +
a + +
+ + + + + + + + + + + + + + + + + + + F + + + + + FF+F A+ FEE A +
+
+ i i i N ‘ ‘ = E ! ' i
¥ 5 ' ; I LI d v ! 5 N
- 3 n %7 L L W W L .
o - ] n [ o ] 1 [ |
+f ol ¥ Yot als 1
o 4 &l n Ll Ia LI "
Wk r ] &- - ] T n
i £ 7 WM W £ty A 3 3 a
+ + + + +
++ + + + + + +
++ + +
+++ + + + + + + + + + + + + + + + + + + + + + F + + + + + F + + F A
A ] ] | d
+
+
+ + +
+ +
d [+ [ 4 L | [ F |
i ] § L | n [
'] ] L] L+ | B [
] [ | a3 4 ]
[ | [ | ] d 4 §
| n [ i ] 5
L | n ? [} ] ;|
a g 4 [ | | 1
| 4} E [ ] [ | |
a [+ 4 | ] d
[*] 4] [ | ] [
' ™ § L | B [
[} [} L] 2 4 [
[ ] [ | L ] | E [ 1 £ E
[ ] R ) d ki §
| | ? '] "] | +

+ + + + + + * + + + + +Ft+ ottt ottt ottt ottt ottt ottt ottt ottt ottt ottt

++++++++++++++++++++++++++++++++++++++++++++++++++

* + + +

a g 1 i

v v k n i

i i & A n i

] ] L | [
+

+ + + + * + + F+ ++t+ ottt ottt ottt ot

+
+ + + + + F FF o+ FF A F A FEFFEFFFEFE R FEFEEFFEF A F A FEFEFEEFFFEF A FEE A FFEFEFEFEFFEFFE A FFEFEFEFFFEFE A FE A FEFFEF A FEFEFFFEFFEFEFEEFEE L



U.S. Patent Jun. 15, 2021 Sheet 2 of 19 US 11,037,701 B2

- n = i n -
]
* )
* -
. = = = o n n n n -
++++ *
’P'-'-" RS S
. ] n n n
ui """ o W N oy urly
+ o
+ n .
* n *
+3 +
* e n n n *
- o 4 L . u "
. n n
* n ] ] ] = N
* *
. . . . i G
+. ] n R
*
* - * . *
] *
*
" . " .
+ =
*
. n
I "
* * R * +
+ l'
+ P " " " . u-" " " " " *
+ [ ] [ ] ]
llllllll
* Hn.n.n " . "] . d ¥ . " BT
*
+ n ] = Lt ] n ] = N
' n n n n n n 4 n n n

V52




S. Patent

* +

+ + + + + + + + 4+

un. 15, 2021

% 5
1 i
" )
H 5

¥

L B B NN N B B I I N NN

Sheet 3 of 19

Fig.3

+*
+ + + + + F F+ F F o+ FFFEFFFEFFEFFFEFEFEAFEEFFEAFEFEFEAFEFEFEAFEF

oy * +
4 ) t +
+ T +
+ Y 4 #
R ok kF b+
+

L B B B

+ + + + + + + + + + + + + + + + + + + + + + +F+F+++ A

+++++++++++++++++++1-1-1-+++++++++++++1-1-1-1-1-1-1-++++++++++++++++1-1-1-+++++++++++++1-1-1-1-1-1-1-+++++++++++++++++++++

91 92

+-

+

S 11,037,701 B2




S. Patent un. 15, 2021 Sheet 4 of 19 S 11.037.701 B2

Fig.4

1.
A

+* + + + + + F F FFFFFEFFFFFFEFFEFEFFEFEFEFEFEFFEFEFFEFEFEFEEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEAFFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEFEFEFEFEFEFEEFFEFEFEFEFEFEFEFEFEFEFEFEFEFEFFEFEFEFEFEFEFEEFFEEFEFEFEFEFEFFEFEEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFFFEFFFFF

+ + + + + +
+ + + +
+
’ § 4
L

% “

? ' 79 84

.
[ ] !
i

+ + + *+ + + + + + + + +

+ + + + + + ¥+ + +

+
+ 4+ + &+ + + + +F +F + FFFFF A FEFEFFEFEE A+

+ + + + + + + +

+ + + + + + + + + + +

+* + + + + + ¥ F + + + +F F F F A+ FFFFFFFFEFFEFEFFEFEFFEFEFEFEFEF

+ + + + + + + + + + + + + + F + + ++



U.S. Patent Jun. 15, 2021 Sheet 5 of 19 US 11,037,701 B2

FiIg. oA

G CPZ2

+
+
+ +
iy + +
+ +
+ -

"4 +

P, A 10A

+ + + + + + + + +

+
++++++++++++++E++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++*'
~Hon

- -
+ + +
+

+,

+
¥
+

+ -

51 ) 22

+ + +

Fig.ob

+*
-
-
-+
-+ -+ +
L +*
o+
.
o+ r +*
-+
o+ . -+
o+ +*
L
-+ -+
L * + b+ o+ F L * ok ok A ++
-+ -+
L +* +*
L
+ + + + + + +
+
L
L
*
L
L
L
L
L
L
-+
L
++ +*
* + + + *+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + A A A AR R
*, L
+* +* -+ -+
-+ . + +*
L +*
+*
+
+++++++++++++++++++++++++++++++++++++++++++++++++++1-++++++++++++++++++++1-+++1-+++++++++++++++++++++++++++++++++++++++++++++++++++++++ -
- L ++ +*
L +

+ + + + + + + + + + &+ + o+ F

7 e £
+ +
] ki
] i

L I I

51"/
Vit

+
++++++++++++++++++++++++++++++++++1-1-1-++++++++++++++++++++1-1-1-+++++++++++++1-1-1-++++++++++++++++++++1-1-1-+++++++++++++++++++++++++++++++++++

™,

+ + + + + + ¥ F + F F + F FFHF + + + + + F F F F F F o FFHF + + + F ¥ F FFFFFFFFFF

+
+
+
+
+*
+
+
+
+
+
+*

* + + ¥ F + F FFFFFFFFFAFEAFFFEFEFAFEAFEFAFEAFFEAFEAFEFEAFEAFEFEAFEFEFEAFEAFEFEAFEAFEFEAFEAFEEAFEAFEFEAFEFEFEAFEAFEFEFEAFEEAFEFEFEAFEFEFEFEFEFEAFEAFEFEAFEAFEAFEAFEFEAFEAFEEAFEAFEFEAFEAFEFEAFEAFEFEAFEFEFEFEAFEFFEFEFFFF
+

+ + +
+

r. ] | N ] ¢
++ ++ + + + + +
& 3 ¢ A A 4 i i| % n £
A A 2 5 " " ? v ¥ 3 A §
2 ¥ 5 ;) e 4 &

i 4 4 " ¥ 3 A
A A r 4 ) £ £ n n 3 n &
& -3 [ 1 d = E " A a 5 H
Ay +4 [ 4 i i e E ] ] a 3 ]

+ +
+ + ‘ i
+ +
+-I-+ ++++++++++++++++++++++++++++++++++++++++++++++++++-I-++++++++++++++-I-+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
+ i
+++ LA B N N N RN RN E R R RN EEEEEBEEEEEBEEEBEEEBEEEBEREREBEEREBEEREEEEEBEREBEREREBEERRERIERERIEBIEIERBIEIERIEBIEIEREIEIERIEBIEBIEIEBIEIERIEBIEIERERIEIERIEBIEIREBIEIRBIERIEBIEIERBIERIEBIEIEIEBIEIREIEBIEIERIEBIEBEEBIEIREIBIEIEIEIEIEIEIEIIINNII,. ++
++ + + + ++
+
+
+
* + +

+
LI BN B EEEBEBEBEBEEBEEBEEBEBEBEEBEEBEEBEEEBEEBEBERBEEBEBEBEEBEEEBEEEREEBRBELEBEBEREBEBEEBEBEEBEBEEBEEBEBELEEBIEREBELBEBEBEBEBEBEEBBEBERBRBEBEEBEEBEBEREBEBEEBEEBEERBEEBEEBEBERBELBBEBEBEEBEBEEBEBEERBEEBELEBEBEREBEBEBEBEBEBEBEEBEIEIEBMBIEIEMEBIEINEIEIESIENEIEIEZSIE.,]



U.S. Patent Jun. 15, 2021 Sheet 6 of 19 US 11,037,701 B2

Fig.b




U.S. Patent Jun. 15, 2021 Sheet 7 of 19 US 11,037,701 B2

Fig /A 103
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TRANSMISSION LINE SUBSTRATE AND
ELECTRONIC DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority to Japanese
Patent Application No. 2016-0988350 filed on May 17, 2016,

Japanese Patent Application No. 2016-160664 filed on Aug.
18, 2016, Japanese Patent Application No. 2017-000843
filed on Jan. 6, 2017 and 1s a Continuation Application of
PCT Application No. PCT/JP2017/018271 filed on May 16,
2017. The entire contents of each application are hereby
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a transmission line sub-
strate, and more particularly to a transmission line substrate
including a plurality of transmission lines and an electronic
device including such a transmission line substrate.

2. Description of the Related Art

Conventionally, a transmission line substrate 1n which a
stacked body obtained by stacking a plurality of insulating
base materials includes a plurality of transmission lines has
been known.

For example, International Publication No. 2013/103130
discloses a transmission line substrate provided with a {first
transmission line and a second transmission line that have a
stripline structure and that are disposed in a stacking direc-
tion of a plurality of insulating base materials. In this
transmission line substrate, a first ground conductor, a first
signal line, an intermediate ground conductor, a second
signal line, and a second ground conductor are respectively
provided on different insulating base materials. The first
transmission line 1s configured by the first ground conductor,
the first signal line, and the intermediate ground conductor,
and the second transmission line 1s configured by the inter-
mediate ground conductor, the second signal line, and the
second ground conductor.

However, 1n the structure of the transmission line sub-
strate disclosed in International Publication No. 2013/
103130, an mnsulating base material among the plurality of
insulating base maternials includes a large plane shaped
ground conductor (1in particular, the intermediate ground
conductor provided between the first signal line and the
second signal line 1n the stacking direction of the plurality of
insulating base materials). In general, joiming strength
between an insulating base material and a conductor 1s
weaker than joining strength between insulating base mate-
rials. Therefore, the joiming strength between the nsulating
base material on which the ground conductor 1s provided
and an insulating base material other than the insulating base
material 1s reduced, so that the insulating base materials of
a stacked body become easily separated from each other. As
a result, the strength and durability of the transmission line
substrate 1tself may be msuflicient 1n some cases.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide
transmission line substrates that achieve improved mechani-
cal strength and durability against an external force and the
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2

like by significantly reducing or preventing separation of
insulating base maternials included in a stacked body from
cach other, 1n a structure 1n which the stacked body obtained
by stacking a plurality of insulating base materials includes
a plurality of transmission lines.

A transmission line substrate according to a preferred
embodiment of the present invention includes a stacked
body that includes a primary surface and includes a plurality
of insulating base materials stacked on each other; a first
signal line that 1s provided on any one of the plurality of
insulating base materials; a second signal line that 1s pro-
vided on any one of the plurality of insulating base mate-
rials; a first ground conductor that 1s provided on any one of
the plurality of insulating base materials; a second ground
conductor that 1s provided on any one of the plurality of
insulating base matenals; a first interlayer connection con-
ductor that i1s provided in any one of the plurality of
insulating base materials; a plurality of first external con-
nection electrodes that are provided on the primary surface
and connected to the first signal line; a plurality of second
external connection electrodes that are provided on the
primary surface and connected to the second signal line; a
first transmission line including the first signal line, the first
ground conductor, and an 1insulating base material among the
plurality of insulating base materials, the insulating base
material being interposed between the first signal line and
the first ground conductor; and a second transmission line
including the second signal line, the second ground conduc-
tor, and an insulating base material among the plurality of
insulating base materials, the insulating base maternial being
interposed between the second signal line and the second
ground conductor, and the stacked body has an elongated
shape that extends in a transmission direction 1 which the
first signal line and the second signal line extend; the second
signal line 1s provided on a layer different from a layer on
which the first signal line 1s provided and extends 1n parallel
or substantially in parallel with the first signal line when
viewed 1 a stacking direction in which the plurality of
insulating base materials are stacked; the first ground con-
ductor 1s provided on the same layer as the layer on which
the second signal line 1s provided, and 1s overlapped with the
first signal line when viewed 1n the stacking direction; the
second ground conductor 1s provided on the same layer as
the layer on which the first signal line 1s provided, and 1s
overlapped with the second signal line when viewed 1n the
stacking direction; the first interlayer connection conductor
clectrically connects the first ground conductor and the
second ground conductor; the plurality of first external
connection electrodes are respectively disposed 1n a vicinity
of opposite ends of the stacked body 1n the transmission
direction; and the plurality of second external connection
clectrodes are respectively disposed 1n a vicinity of opposite
ends of the stacked body 1n the transmission direction.

In this configuration, the first transmission line and the
second transmission line are disposed 1n the width direction
of the stacked body, and a large ground conductor 1s not
provided over the approximately whole area of the msulat-
ing base material. In other words, 1n comparison with a case
in which a large ground conductor 1s provided over the
approximately whole area of the insulating base matenal,
the joiming surface between the insulating base materials 1s
relatively large. Therefore, according to this configuration, a
decrease 1n the strength of partially or wholly joining of the
insulating base materials 1s significantly reduced or pre-
vented, and the msulating base materials of the stacked body
1s significantly reduced or prevented from being separated
from each other, so that a transmission line substrate of
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which the mechanical strength and the durability against an
external force and the like are improved 1s able to be
obtained.

In addition, with this configuration, since the ground
conductor that defines the transmission line substrate is
provided on the same layer as the layer on which the signal
line 1s provided, in comparison with a case 1 which the
signal line and the ground conductor are provided on dif-
ferent layers, the number of insulating base materials
required to provide a plurality of transmission lines 1s able
to be reduced. Therefore, according to this configuration, in
the configuration 1n which a plurality of transmission lines
are provided in the stacked body obtained by stacking a
plurality of insulating base materials, 1n comparison with a
case 1 which the signal line and the ground conductor are
provided on different layers, a thin transmission line sub-
strate 1s able to be obtained.

In the above preferred embodiment of the present inven-
tion, the transmission line substrate may preferably include
a third ground conductor that 1s provided on any one of the
plurality of msulating base materials, a fourth ground con-
ductor that 1s provided on any one of the plurality of
insulating base materials, a second interlayer connection
conductor that 1s provided in any one of the plurality of
insulating base materials, and a third interlayer connection
conductor that 1s provided in any one of the plurality of
insulating base maternials, and the third ground conductor
may prelferably be provided on a layer different from a layer
on which the second ground conductor 1s provided, and may
preferably be disposed so as to face the first ground con-
ductor across the first signal line with respect to the stacking
direction; the fourth ground conductor may preferably be
provided on a layer different from a layer on which the first
ground conductor 1s provided, and may preferably be dis-
posed so as to face the second ground conductor across the
second signal line with respect to the stacking direction; the
second interlayer connection conductor may preferably elec-
trically connect the second ground conductor and the third
ground conductor; and the third interlayer connection con-
ductor may preferably electrically connect the first ground
conductor and the fourth ground conductor.

In this configuration, the ground conductor 1s disposed in
the surrounding three directions of the first signal line, and
the first signal line 1s surrounded by the ground conductor
over the surrounding three directions of the first signal line.
In addition, in this configuration, the ground conductor is
disposed 1n the surrounding three directions of the second
signal line, and the second signal line 1s surrounded by the
ground conductor over the surrounding three directions of
the second signal line. Therefore, according to this configu-
ration, suitlicient 1solation between the first signal line and
the second signal line 1s ensured, and the effect of reducing
cross talk 1s enhanced.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may prei-
erably include a fifth ground conductor that 1s provided on
any one of the plurality of insulating base materials, and a
sixth ground conductor that 1s provided on any one of the
plurality of msulating base materials, and the fifth ground
conductor may preferably be provided on the same layer as
a layer on which the first signal line and the second ground
conductor are provided, may preferably extend in parallel or
substantially 1n parallel with the first signal line, and may
preferably be disposed opposite to the second ground con-
ductor with respect to the first signal line; and the sixth
ground conductor may preferably be provided on the same
layer as a layer on which the second signal line and the first
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ground conductor are provided, may preferably extend 1in
parallel or substantially in parallel with the second signal
line, and may preferably be disposed opposite to the first
ground conductor with respect to the second signal line.

In this configuration, the ground conductor 1s disposed 1n
the surrounding four directions of the first signal line, and
the first signal line 1s surrounded by the ground conductor
over the surrounding four directions of the first signal line.
In addition, in this configuration, the ground conductor 1s
disposed 1n the surrounding four directions of the second
signal line, and the second signal line 1s surrounded by the
ground conductor over the surrounding four directions of the
second signal line. Therefore, according to this configura-
tion, suflicient 1solation between the first signal line and the
second signal line 1s ensured, and the effect of reducing cross
talk 1s further enhanced.

In at least one of the above preferred embodiments of the
present invention, each of the plurality of insulating base
materials may preferably be made of a thermoplastic resin.

According to this configuration, a transmission line sub-
strate of which the shape 1s able to be easily plastically
processed according to a mounting state 1s able to be
obtained.

In at least one of the above preferred embodiments of the
present invention, the first transmission line and the second
transmission line may preferably include a bent portion that
1s bent 1n the stacking direction.

In at least one of the above preferred embodiments of the
present invention, the stacked body may preferably have
flexibility.

With such a configuration, the features of various pre-
ferred embodiments of the present invention work more
cllectively.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may pret-
erably further include a ground conductor on the primary
surface, the ground conductor being overlapped with all
signal lines when viewed 1n the stacking direction.

With this configuration, unnecessary radiation from all the
signal lines 1s sigmificantly reduced or prevented more
reliably.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may prei-
erably include a first intermediate ground conductor that 1s
provided between the layer on which the first signal line 1s
provided and the layer on which the second signal line 1s
provided, with respect to the stacking direction, and the first
intermediate ground conductor may preferably be disposed
between the first signal line and the second signal line when
viewed 1n the stacking direction.

According to this configuration, the 1solation between the
first signal line and the second signal line 1s further
increased, and the effect of reducing cross talk 1s further
enhanced.

In at least one of the above preferred embodiments of the
present 1invention, the first intermediate ground conductor
may prelferably be spaced farther apart from the first signal
line or the second signal line than at least one of other
ground conductors.

According to this configuration, the 1solation between the
first signal line and the second signal line 1s able to be
increased without greatly aflecting capacitance to be gener-
ated between the first signal line and the other ground
conductors.

In at least one of the above preferred embodiments of the
present invention, the first intermediate ground conductor,
when viewed in the stacking direction, may preferably
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include a portion that, when viewed 1n the stacking direc-
tion, extends farther toward the first signal line than to the
second ground conductor and 1s not overlapped with the
second ground conductor.

According to this configuration, since the first intermedi-
ate ground conductor 1s disposed closer to the first signal
line, the magnetic field to be generated around the first signal
line 1s eflectively shielded, and the 1solation between the first
signal line and the second signal line 1s able to be further
increased.

In at least one of the above preferred embodiments of the
present invention, the first intermediate ground conductor,
when viewed in the stacking direction, may preferably
include a portion that, when viewed 1n the stacking direc-
tion, extends farther toward the second signal line than to the
first ground conductor and 1s not overlapped with the first
ground conductor.

According to this configuration, since the first intermedi-
ate ground conductor 1s disposed closer to the second signal
line, the magnetic field to be generated around the second
signal line 1s eflectively shielded, and the 1solation between
the first signal line and the second signal line 1s able to be
turther increased.

In at least one of the above preferred embodiments of the
present invention, the first intermediate ground conductor
may preferably have a thickness smaller in the stacking
direction than a thickness of the other ground conductors.

Since the first intermediate ground conductor 1s disposed
at position that 1s overlapped with a large number of
conductors 1n the stacking direction, irregularities are easily
formed on the surface of the transmission line substrate after
the stacked body 1s obtained. However, according to this
configuration, irregularities are able to be significantly
reduced or prevented from being formed on the surface of
the transmission line substrate.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may pret-
erably include a third signal line that extends in parallel or
substantially 1n parallel with the second signal line, and the
third signal line may preferably be disposed at the same
position as the second signal line 1n the stacking direction;
the third signal line may preferably be disposed opposite to
the second signal line across the first ground conductor 1n a
width direction that i1s perpendicular or substantially per-
pendicular to the stacking direction and a parallel direction
in which signal lines extend in parallel or substantially 1n
parallel with each other; and the third signal line may
preferably be disposed at a position symmetric to the second
signal line with respect to a reference plane that extends
through a center in a width direction of the first ground
conductor and 1s 1n parallel or substantially 1n parallel to the
parallel direction and the stacking direction.

With this configuration, since the second signal line and
the third signal line are symmetrically disposed 1n the width
direction of the stacked body, the physical and electromag-
netic balance 1n the width direction 1n the stacked body 1s
improved.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may pret-
erably include a third transmission line that includes the
third signal line, and the third transmission line and the
second transmission line may preferably be disposed at
positions symmetric to each other with respect to the refer-
ence plane.

With this configuration, since the second transmission line
and the third transmission line are symmetrically disposed 1n
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the width direction of the stacked body, the physical and
clectromagnetic balance in the width direction 1n the stacked
body 1s improved.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may prei-
erably include a fourth signal line that extends 1n parallel or
substantially in parallel with the first signal line, and the
fourth signal line may pretferably be disposed at a position
symmetric to the first signal line with reference to the first
ground conductor in the stacking direction.

With this configuration, since the first signal line and the
tourth signal line are symmetrically disposed 1n the stacking
direction of the stacked body, the structural balance in the
stacking direction 1n the stacked body 1s improved and the
clectromagnetic balance 1s also improved. Therefore, the
occurrence of uneven irregularities of the transmission line
substrate 1s significantly reduced or prevented, and the
mounting performance of the transmission line substrate to
be mounted on a circuit board or the like 1s improved. In
addition, a warp 1n the stacking direction of the transmission
line substrate 1s significantly reduced or prevented from
occurring.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may pret-
erably include a fourth transmission line that includes the
fourth signal line, and the fourth transmission line and the
first transmission line may preferably be disposed at posi-
tions symmetric to each other with reference to the first
ground conductor.

With this configuration, since the first transmission line
and the fourth transmission line are symmetrically disposed
in the stacking direction of the stacked body, the physical
and electromagnetic balance 1n the stacking direction in the
stacked body 1s improved.

In at least one of the above preferred embodiments of the
present invention, the transmission line substrate may pret-
erably include transmission lines of a predetermined num-
ber, and the transmission lines of a predetermined number
may preferably include five or more transmission lines that
include the first transmission line to the fourth transmission
line, and the transmission lines of a predetermined number
may preferably be symmetrically disposed in the stacking
direction and a first direction perpendicular or substantially
perpendicular to the stacking direction.

With this configuration, since all the transmission lines 1n
the stacked body are symmetrically disposed, the physical
and electromagnetic balance 1s further improved.

An electronic device includes a transmission line sub-
strate according to any one of the above described preferred
embodiments of the present invention, and a circuit board on
which the transmission line substrate i1s surface-mounted.

With this configuration, an electronic device of which the
reliability 1s improved and 1in which the electromagnetic
coupling between the transmission line substrate and the
circuit board 1s significantly reduced or prevented 1is
achieved.

In the electronic device according to the above-described
preferred embodiment, the circuit board may preferably
include a mounting surface; the first signal line may pret-
erably be disposed closer to the mounting surface than the
second signal line 1s; the transmission line substrate may
preferably include a second mtermediate ground conductor
that 1s provided between the mounting surface and the layer
on which the first signal line 1s provided, with respect to the
stacking direction; and the second intermediate ground




US 11,037,701 B2

7

conductor may preferably be disposed between the first
signal line and the second signal line when viewed 1n the
stacking direction.

According to this configuration, a magnetic field that 1s
generated around the first signal line significantly reduces or
prevents the first signal line and a conductor that 1s provided

in contact with the circuit board from being coupled to each
other.

In an electronic device according to at least one of the
above-described preferred embodiments of the present
invention, the second intermediate ground conductor may
preferably be spaced farther apart from the first signal line
than at least one of the other ground conductors.

According to this configuration, the coupling between the
first signal line and the conductor that 1s provided 1n contact
with the circuit board 1s able to be significantly reduced or
prevented without greatly aflecting capacitance to be gen-
crated between the first signal line and the other ground
conductors.

In an electronic device according to at least one of the
above-described preferred embodiments of the present
invention, the second intermediate ground conductor may
preferably include a portion that, when viewed 1n the stack-
ing direction, extends farther toward the first signal line than
to the second ground conductor and 1s not overlapped with
the second ground conductor.

With this configuration, since the second intermediate
ground conductor 1s disposed closer to the first signal line,
the magnetic field to be generated around the first signal line
1s eflectively shielded, and the coupling between the first
signal line and the conductors provided in contact with the
circuit board 1s able to be significantly reduced or prevented.

In an electronic device according to at least one of the
above-described preferred embodiments of the present
invention, the second intermediate ground conductor may
preferably have a thickness smaller 1n the stacking direction
than a thickness of the other ground conductors.

Since the second intermediate ground conductor 1s dis-
posed at position that 1s overlapped with a large number of
conductors 1n the stacking direction, irregularities are easily
formed on the surface of the transmission line substrate after
the stacked body 1s obtained. However, according to this
configuration, irregularities are able to be significantly
reduced or prevented from being formed on the surface of
the multilayer substrate.

According to various preferred embodiments of the pres-
ent mvention, 1 a configuration 1 which a stacked body
obtained by stacking a plurality of insulating base materials
includes a plurality of transmission lines, i1t 1s possible to
provide a transmission line substrate of which the mechani-
cal strength and the durability against an external force and
the like are improved by significantly reducing or preventing
separation of the insulating base materials of the stacked
body from each other.

The above and other elements, features, steps, character-
istics and advantages of the present invention will become
more apparent from the following detailed description of the
preferred embodiments with reference to the attached draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a perspective view of a multilayer substrate
101 according to a first preferred embodiment of the present
invention, and FIG. 1B 1s an exploded perspective view of
the multilayer substrate 101.
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FIG. 2 1s an A-A cross-sectional view of the multilayer
substrate 101 in FIG. 1A.

FIG. 3 1s a cross-sectional view of a main portion of an
clectronic device 201 according to the first preferred
embodiment of the present invention.

FIG. 4 includes cross-sectional diagrams sequentially
showing steps for manufacturing a multilayer substrate
101A.

FIG. 5A 1s a perspective view of a multilayer substrate
102 according to a second preferred embodiment of the
present invention and FIG. 5B 1s an exploded perspective
view of the multilayer substrate 102.

FIG. 6 1s a B-B cross-sectional view of the multilayer
substrate 102 1n FIG. SA.

FIG. 7A 1s a perspective view ol a multilayer substrate
103 according to a third preferred embodiment of the present
invention and FIG. 7B 1s an exploded perspective view of a
line portion SL of the multilayer substrate 103.

FIG. 8 1s a C-C cross-sectional view of the multilayer
substrate 103 in FIG. 7A.

FIG. 9 1s a perspective view of a multilayer substrate 104
according to a fourth preferred embodiment of the present
ivention.

FIG. 10 1s a cross-sectional view of a line portion of a
multilayer substrate 105 according to a fifth preferred
embodiment of the present invention.

FIGS. 11A to 11D are exploded plan views of a multilayer
substrate 106 according to a sixth preferred embodiment of
the present invention.

FIG. 12 1s a cross-sectional view of the multilayer sub-
strate 106 according to the sixth preferred embodiment of
the present invention.

FIGS. 13A to 13D are exploded plan views of a multilayer
substrate 107 according to a seventh preferred embodiment
of the present invention.

FIGS. 14 A to 14D are exploded plan views of a multilayer
substrate 108 according to an eighth preferred embodiment
of the present invention.

FIG. 15 1s a cross-sectional view of a multilayer substrate
109 according to a nminth preferred embodiment of the
present 1nvention.

FIG. 16 1s a cross-sectional view of a multilayer substrate
110 according to a tenth preferred embodiment of the
present 1nvention.

FIG. 17 1s an external perspective view of an electronic
device 202 according to the tenth preferred embodiment of
the present invention.

FIG. 18A 1s a cross-sectional view of a multilayer sub-
strate 111 according to an eleventh preferred embodiment of
the present invention, and FIG. 18B 1s an enlarged cross-
sectional view of a ZP portion 1n FIG. 18A.

FIG. 19 1s an external perspective view of an electronic
device 203 according to the eleventh preferred embodiment
of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

Heremaftter, a plurality of preferred embodiments of the
present mvention will be described with reference to the
attached drawings and several specific examples. In the
drawings, the same components and elements are denoted
by the same reference signs. While preferred embodiments
are divided and described for the sake of convenience 1n
consideration of ease ol description or understanding of
main points, elements described in different preferred
embodiments are able to be partially replaced and combined
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with each other. In preferred embodiments after the second
preferred embodiment, a description of features common to
the first preferred embodiment will be omitted, and diflerent
teatures are primarily described. In particular, a description
of similar operational effects achieved by similar structures
will not be repeated 1n each preferred embodiment.

First Preferred Embodiment

FIG. 1A 1s a perspective view of a multilayer substrate
101 according to a first preferred embodiment of the present
invention, and FIG. 1B 1s an exploded perspective view of
the multilayer substrate 101. FIG. 2 1s an A-A cross-sec-
tional view of the multilayer substrate 101 1n FIG. 1A. The
multilayer substrate 1s a non-limiting example of a “trans-
mission line substrate” according to various preferred
embodiments of the present invention.

The multilayer substrate 101 includes a stacked body 10
obtained by stacking a plurality of insulating base materials
11, 12,13, and 14, a conductor (such as a {irst signal line 41,
a second signal line 42, a first ground conductor 31, a second
ground conductor 32, a third ground conductor 33, a fourth
ground conductor 34, a first interlayer connection conductor
V1, a second interlayer connection conductor V2, and a third
interlayer connection conductor V3) provided in any one of
the plurality of msulating base materials 11, 12, 13, and 14,
and a protective layer 1. As illustrated in FIG. 1A, the
multilayer substrate 101 includes a line portion SL, a first
connection portion CP1, and a second connection portion
CP2.

The stacked body 10 has a rectangular or substantially
rectangular parallelepiped shape having a longitudinal direc-
tion that coincides with the X-axis direction, and includes a
first principal surface VS1 and a second primary surface
VS2 that face each other. As illustrated in FIG. 1B, the
stacked body 10 1s obtained by stacking the insulating base
materials 11, 12, 13, and 14 1n this order. The protective
layer 1 1s provided on the first primary surface VS1 of the
stacked body 10.

The plurality of 1nsulating base matenials 11, 12, 13, and
14 are each provided as a plate that includes a rectangular or
substantially rectangular shape and a longitudinal direction
that coincides with the X-axis direction. The plurality of
insulating base materials 11, 12, 13, and 14 are plates made
of a thermoplastic resin, for example, and are sheets made of
a liquid crystal polymer as a primary material and having
flexibality.

A third ground conductor 33 is provided on the surface of
the msulating base material 11. The third ground conductor
33 is a rectangular or substantially rectangular conductor
that 1s disposed closer to a first side (the lower side of the
insulating base material 11 1n FIG. 1B) than to the center of
the msulating base material 11 and includes a longitudinal
direction that coincides with the X-axis direction. The third
ground conductor 33 1s a conductor pattern made of a
material such as a Cu foil, for example.

A first signal line 41 and a second ground conductor 32
are provided on the surface of the insulating base matenal
12. The first signal line 41 1s a conductor that 1s disposed
between a first side (the lower side of the insulating base
material 12 i FIG. 1B) and the center of the msulating base
material 12 and extends in the X-axis direction. The second
ground conductor 32 is a rectangular or substantially rect-
angular conductor that 1s disposed closer to a second side
(the upper side of the insulating base material 12) than to the
center ol the insulating base material 12 and includes a
longitudinal direction that coincides with the X-axis direc-
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tion. The first signal line 41 and the second ground conduc-
tor 32 are each a conductor pattern made of a material such
as a Cu foil, for example.

In addition, the insulating base material 12 includes six
second interlayer connection conductors V2, for example.
The six second interlayer connection conductors V2 are
conductors that are disposed in the center i the Y-axis
direction of the msulating base material 12 and are arranged
in the X-axis direction. As 1llustrated in FIG. 1B, the second
interlayer connection conductors V2 electrically connect the
second ground conductor 32 and the third ground conductor
33 to each other. The second interlayer connection conduc-
tors V2 are, for example, via conductors or through holes of
which an mner wall 1s plated, or the like.

A second signal line 42, a first ground conductor 31, and
first signal conductors 31 and 52 are provided on the surface
of the msulating base material 13. The second signal line 42
1s a conductor that 1s disposed closer to a second side (the
upper side of the insulating base material 13 in FIG. 1B) than
to the center of the insulating base material 13 and extends
in the X-axis direction. The first ground conductor 31 1s a
conductor that 1s disposed between a first side (the lower
side of the insulating base material 13) and the center of the
insulating base material 13. The first signal conductor 51 1s
a rectangular or substantially rectangular shaped conductor
disposed 1n the vicinity of a first end (the left end of the
insulating base material 13 1n FIG. 1B) of the insulating base
material 13, and the first signal conductor 52 1s a rectangular
or substantially rectangular shaped conductor disposed 1n
the vicinity of a second end (the right end of the nsulating
base material 13) of the insulating base material 13. The
second signal line 42, the first ground conductor 31, and the
first signal conductors 51 and 32 are each a conductor
pattern made ol a material such as a Cu foil, for example.

In addition, the mnsulating base material 13 includes eight
first interlayer connection conductors V1 and interlayer
connection conductors V11 and V12, for example. The eight
first interlayer connection conductors V1 are conductors that
are disposed 1n the center 1n the Y-axis direction of the
insulating base material 13 and are arranged in the X-axis
direction. The first interlayer connection conductors V1
clectrically connect the first ground conductor 31 and the
second ground conductor 32 to each other. The mterlayer
connection conductor V11 electrically connects the first
signal conductor 51 and a first end (the leit end of the first
signal line 41 1n FIG. 1B) of the first signal line 41 to each
other. The interlayer connection conductor V12 electrically
connects the first signal conductor 52 and a second end (the
right end of the first signal line 41) of the first signal line 41
to each other. The first interlayer connection conductors V1
and the interlayer connection conductors V11 and V12 are,
for example, via conductors or through holes of which an
inner wall 1s plated, or the like.

A fourth ground conductor 34, first signal conductors 61
and 62, and second signal conductors 71 and 72 are provided
on the surface of the msulating base material 14. The fourth
ground conductor 34 1s a conductor that 1s disposed between
a second side (the upper side of the insulating base material
14 1n FIG. 1B) and the center of the insulating base material
14. The first signal conductor 61 and the second signal
conductor 71 are rectangular or substantially rectangular
shaped conductors disposed in the vicinity of a first end (the
left end of the insulating base material 14) of the msulating
base material 14. The first signal conductor 62 and the
second signal conductor 72 are rectangular or substantially
rectangular shaped conductors disposed in the vicimity of a
second end (the right end of the insulating base material 14)
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of the insulating base material 14. The fourth ground con-
ductor 34, the first signal conductors 61 and 62, and the
second signal conductors 71 and 72 are each a conductor
pattern made of a material such as a Cu {oil, for example.

In addition, the insulating base material 14 includes 10
third interlayer connection conductors V3 and interlayer
connection conductors V13, V14, V21, and V22. The 10
third interlayer connection conductors V3 are conductors
that are disposed 1n the center 1n the Y-axis direction of the
insulating base material 14 and are arranged 1n the X-axis
direction. The third interlayer connection conductors V3
clectrically connect the first ground conductor 31 and the
fourth ground conductor 34 to each other. The interlayer
connection conductor V13 electrically connects the first
signal conductor 61 and the first signal conductor 51 to each
other, and the interlayer connection conductor V14 electri-
cally connects the first signal conductor 62 and the first
signal conductor 52 to each other. The interlayer connection
conductor V21 electrically connects the second signal con-
ductor 71 and a first end (the left end of the second signal
line 42 1n FIG. 1B) of the second signal line 42 to each other.
The imterlayer connection conductor V22 electrically con-
nects the second signal conductor 72 and a second end (the
right end of the second signal line 42) of the second signal
line 42 to each other. The third interlayer connection con-
ductors V3 and the interlayer connection conductors V13,
V14, V21, and V22 are, for example, via conductors or
through holes of which an inner wall 1s plated, or the like.

The protective layer 1 includes the same or substantially
the same shape 1n a plan view as the insulating base material
14, and 1s provided on the upper surface of the insulating
base material 14. The protective layer 1 includes opening
portions AP2 and AP6 at positions corresponding to the
positions of the first signal conductors 61 and 62, and
includes opening portions AP1 and AP3 at positions corre-
sponding to the positions of the second signal conductors 71
and 72. In addition, the protective layer 1 includes opening
portions AP3 and AP4 at positions in the vicinity of the
opening portions AP1 and AP2 and corresponding to the
position of the fourth ground conductor 34. Further, the
protective layer 1 includes opening portions AP7 and AP8 at
positions 1n the vicinity of the opening portions APS and
AP6 and corresponding to the position of the fourth ground
conductor 34. The protective layer 1 1s a solder resist film,
for example.

Therefore, even when the protective layer 1 1s provided on
the first primary surface VS1 of the stacked body 10 (that 1s,
the protective layer 1 1s stacked on the upper surface of the
insulating base material 14), the first signal conductors 61
and 62, the second signal conductors 71 and 72, and a
portion of the fourth ground conductor 34 (ground conduc-
tors 81, 82, 83, and 84 1n FIG. 1A) are exposed on the first
primary surface VS1 of the stacked body 10. In the first
preferred embodiment, each of the first signal conductors 61
and 62 corresponds to a “first external connection elec-
trode”, and each of the second signal conductors 71 and 72
corresponds to a “second external connection electrode”.

In the first preferred embodiment, the first connection
portion CP1 1s provided 1n the vicinity of the first end (the
left end of the stacked body 10 1n FIG. 1A) of the rectangular
or substantially rectangular parallelepiped-shaped stacked
body 10 1n which the first signal conductor 61, the second
signal conductor 71, and the ground conductors 81 and 82
are provided. In addition, 1n the first preferred embodiment,
the second connection portion CP2 1s provided in the
vicinity of the second end (the right end of the stacked body
10) of the stacked body 10 in which the first signal conductor
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62, the second signal conductor 72, and the ground conduc-
tors 83 and 84 are provided. In other words, the multilayer
substrate 101 includes the first connection portion CP1, the
line portion SL, and the second connection portion CP2 that
are disposed 1n this order 1n the X-axis direction.

As 1llustrated 1n FI1G. 1B, FIG. 2, and other drawings, the

second signal line 42 1s provided on a layer diflerent from
the layer on which the first signal line 41 1s provided, and
extends 1n parallel or substantially in parallel with the first
signal line 41 when viewed 1n the stacking direction (the
Z-axi1s direction) of the plurality of insulating base materials

11, 12, 13, and 14.

In addition, as 1llustrated in FIG. 2 and other drawings, the
first ground conductor 31 1s provided on the same layer as
the layer on which the second signal line 42 1s provided, and
1s overlapped with the first signal line 41 when viewed 1n the
Z-axis direction. The second ground conductor 32 1s pro-
vided on the same layer as the layer on which the first signal
line 41 1s provided, and 1s overlapped with the second signal
line 42 when viewed 1n the Z-axis direction.

Further, as illustrated in FIG. 2 and other drawings, the
third ground conductor 33 1s provided on a layer diflerent
from the layer on which the second ground conductor 32 i1s
provided, and 1s disposed to face the first ground conductor
31 across the first signal line 41 with respect to the Z-axis
direction. The fourth ground conductor 34 1s provided on a
layer different from the layer on which the first ground
conductor 31 1s provided, and 1s disposed to face the second
ground conductor 32 across the second signal line 42 with
respect to the Z-axis direction.

In the first preferred embodiment, as 1llustrated 1n FIG. 2,
the first signal line 41, the first ground conductor 31, the
third ground conductor 33, the insulating base material 13
interposed between the first signal line 41 and the first
ground conductor 31, and the insulating base material 12
interposed between the first signal line 41 and the third
ground conductor 33 define a first transmission line CL1. In
addition, 1n the first preferred embodiment, the second signal
line 42, the second ground conductor 32, the fourth ground
conductor 34, the insulating base maternial 13 interposed
between the second signal line 42 and the second ground
conductor 32, and the 1nsulating base matenal 14 interposed
between the second signal line 42 and the fourth ground
conductor 34 define a second transmission line CL2.

According to the multilayer substrate 101 according to the
first preferred embodiment of the present invention, the
following advantageous eflects may be obtained.

In the multilayer substrate 101, the first transmission line
CL1 and the second transmission line CL2 are disposed 1n
the width direction (the Y-axis direction) of the stacked body
10, and a large ground conductor 1s not provided over the
approximately whole area of the insulating base material. In
other words, 1n comparison with a case in which a large
ground conductor 1s provided over the approximately whole
arca ol the msulating base material, the joining surface
between the insulating base materials 1s relatively large.
Therefore, with this configuration, a decrease 1n the strength
of partially or wholly joining of the insulating base materials
1s significantly reduced or prevented, and, since the msulat-
ing base materials of the stacked body 10 are significantly
reduced or prevented from being separated from each other,
a multilayer substrate of which the mechanical strength and
the durability against an external force and the like are
improved 1s able to be obtained. In particular, in a case 1n
which a stacked body having flexibility 1s used, interlayer
separation during deformation 1s significantly reduced or
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prevented, and the configuration of the first preferred
embodiment of the present invention provides greater
advantageous ellects.

In addition, in the first preferred embodiment, the first
transmission line CL1 and the second transmission line CL.2
are disposed in the Y-axis direction, and the ground con-
ductor (the first ground conductor 31 or the second ground
conductor 32) defining a transmission line 1s provided on the
same layer as the layer on which the signal line (the first
signal line 41 or the second signal line 42) 1s provided.
Therefore, in comparison with a configuration (1n a case 1n
which the signal line and the ground conductor are provided
on different layers) in which a plurality of transmission lines
are disposed in the Z-axis direction, the number of insulating
base materials required to provide a plurality of transmission
lines 1s able to be reduced. Therefore, with this configura-
tion, 1n the configuration in which a plurality of transmission
lines are provided 1n the stacked body obtained by stacking
a plurality of insulating base materials, in comparison with
a case 1n which the signal line and the ground conductor are
provided on different layers, a thin multilayer substrate 1s
able to be obtained.

In addition, since the ground conductor (the first ground
conductor 31 or the second ground conductor 32) 1s pro-
vided on the same layer as the layer on which the signal line
(the first signal line 41 or the second signal line 42) 1s
provided, in comparison with a case 1 which the ground
conductor 1s provided on a layer different from the layer on
which the signal line 1s provided, i1solation between first
signal line 41 and second signal line 42 1s able to be
increased.

In the first preferred embodiment, as illustrated 1n FIG. 2
and other drawings, since the first interlayer connection
conductor V1 1s disposed between the signal lines (between
the first signal line 41 and the second signal lines 42), the
1solation between the signal lines 1s able to be 1ncreased. It
1s to be noted that, similarly to the multilayer substrate 101
according to the first preferred embodiment, a plurality of
first interlayer connection conductors V1 provided between
the signal lines are able to further increase the i1solation.
Further, 1n the first preferred embodiment, since the distance
between the first ground conductor 31 and the second
ground conductor 32 1s small 1n the stacking direction, the
occurrence of conductive failure of the first interlayer con-
nection conductor V1 1s significantly reduced or prevented.

In the first preferred embodiment, the ground conductors
(the first ground conductor 31, the second ground conductor
32, the third ground conductor 33, the first interlayer con-
nection conductor V1, and the second interlayer connection
conductor V2) are disposed in the surrounding three direc-

tions (the positive Y direction, the positive Z direction, and
the negative Z direction with respect to the first signal line
41 1n FIG. 2) of the first signal line 41, and the {first signal
line 41 1s surrounded by the ground conductors in the
surrounding three directions. In addition, in the first pre-
terred embodiment, the ground conductors (the first ground
conductor 31, the second ground conductor 32, the fourth
ground conductor 34, the first interlayer connection conduc-
tor V1, and the third interlayer connection conductor V3) are
disposed in the surrounding three directions (the negative Y
direction, the positive 7Z direction, and the negative Z
direction with respect to the second signal line 42 1n FIG. 2)
of the second signal line 42, and the second signal line 42 1s
surrounded by the ground conductors in the surrounding
three directions. Therefore, with this configuration, sufli-
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cient 1solation between the first signal line 41 and the second
signal line 42 1s ensured, and the eflfect of reducing cross talk
1s enhanced.

In the first preferred embodiment, the plurality of 1nsu-
lating base materials 11, 12, 13, and 14 that define the
stacked body 10 are each made of thermoplastic resin in the
present preferred embodiment, respectively. With this con-
figuration, as described in detail below, a multilayer sub-
strate of which the shape 1s able to be plastically processed
casily according to a mounted state (such as 1rregularities of
a mounting destination) 1s able to be obtained.

Subsequently, an example of mounting a multilayer sub-
strate according to a preterred embodiment of the present
invention will be described with reference to the drawings.
FIG. 3 1s a cross-sectional view of a main portion of an
clectronic device 201 according to the first preferred
embodiment of the present invention.

The electronic device 201 according to the first preferred
embodiment includes a multilayer substrate 101 A and a
circuit board 301. The multilayer substrate 101 A 1s different
from the multilayer substrate 101 in that the first transmis-
sion line and the second transmission line of the multilayer
substrate 101 A include a bent portion (to be described 1n
detail later) bent 1n the Z-axis direction. Other configura-
tions are substantially the same as the configurations of the
multilayer substrate 101. The circuit board 301 includes a
first surface PS1 and a second surface PS2. Both the first
surface PS1 and the second surface PS2 are surfaces in
parallel or substantially parallel to the XY plane, and are
surfaces located at different heights in the Z-axis direction.

As 1llustrated i FIG. 3, the multilayer substrate 101 A 1s
mounted on the circuit board 301. The first surface PS1 of
the circuit board 301 includes conductors 91 and 92 and the
like and the second surface PS2 of the circuit board 301
includes conductors 93 and 94 and the like. The ground
conductor 81, the second signal conductor 71, and the like
of the multilayer substrate 101 A are respectively connected
to the conductors 91 and 92 and the like provided on the first
surface PS1 through a conductive joining material 4 such as
solder. The second signal conductor 72 and the ground
conductor 84 and the like of the multilayer substrate 101 A
are respectively connected to the conductors 93 and 94 and
the like provided on the second surface PS2 through a
conductive joining material 4 such as solder. Although not
shown, the first signal conductor 1s also connected to the
conductor provided on the surface of the circuit board 301.

As described above, the multilayer substrate 101A (the
first transmission line and the second transmission line),
since 1ncluding the bent portion bent 1n the Z-axis direction,
1s easily mounted on the circuit board 301 including surfaces
located at different heights 1n the Z-axis direction.

The multilayer substrate 101A according to the first
preferred embodiment 1s manufactured by, for example, the
following steps. FIG. 4 includes cross-sectional diagrams
sequentially showing steps for manufacturing the multilayer
substrate 101A.

(1) First, an insulating base material layer (thermoplastic
resin) 1n a collective substrate state and a protective layer,
the insulating base matenal layer being obtained by pattern-
ing a signal line, a ground conductor, and the like, are
stacked to define a stacked body 1n a collective substrate
state, then the stacked body 1n the collective substrate state
1s divided to an individual element, and a multilayer sub-
strate 101 1llustrated 1n step (1) 1n FIG. 4 1s obtained.

(2) Subsequently, as i1llustrated 1n step (2) i FIG. 4, the
first primary surface VS1 and the second primary surface
V82 of the stacked body 10 are heated and pressurized in the
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Z-axis direction (see the arrows 1n FI1G. 4), by using an upper
mold 5 and a lower mold 6. It 1s to be noted that the positions

to be heated and pressurized are in the vicinity of the center
in the longitudinal direction (the X-axis direction) of the
stacked body 10, as 1llustrated in FIG. 4. The upper mold 5
and the lower mold 6 includes a structure with an L-shaped
or substantially L-shaped cross section.

After the thermoplastic resin of the stacked body 10 1s
cooled and solidified, the stacked body 10 1s removed from
the upper mold 5 and the lower mold 6, and a multilayer
substrate 101 A 1s obtained. With such a manufacturing
method, 1t 1s possible to obtain a multilayer substrate 101 A
of which the bent shape 1s maintained (retained).

As described above, the shape of the multilayer substrate
101 according to the first preferred embodiment of the
present ivention 1s able to be plastically processed easily
according to a mounted state (such as irregularities of a
mounting destination) since the isulating base materials of
the stacked body 10 are made of thermoplastic resin.

It 1s to be noted that, while the first preferred embodiment
of the present invention provides an example of a multilayer
substrate including a bent portion bent in the Z-axis direc-
tion 1n the vicinity of the center 1n the longitudinal direction
(the X-axis direction) of the stacked body 10, the present
invention 1s not limited to such a configuration. The multi-
layer substrate may include a structure with a bent portion
bent 1n the X-axis direction or the Y-axis direction. In
addition, the multilayer substrate may include a structure
with a bent portion at a position (a position between the first
connection portion CP1 and the center 1n the longitudinal
direction of the stacked body 10, for example) other than the
center 1n the longitudinal direction (the X-axis direction) of
the stacked body 10.

In addition, while the first preferred embodiment of the
present provides an example 1n which a conductor (the first
signal conductors 61 and 62, the second signal conductors
71 and 72, and the ground conductors 81, 82, 83, and 84) 1s
provided on the first connection portion CP1 and the second
connection portion CP2 of the multilayer substrate 101, the
present mnvention 1s not limited to this example. A connector
may be mounted on the first connection portion CP1 and the
second connection portion CP2 of the multilayer substrate.

Second Preferred Embodiment

A second preferred embodiment of the present invention
describes a multilayer substrate including a stacked body
10A obtained by stacking two insulating base materials and
a protective layer.

FIG. 5A 1s a perspective view of a multilayer substrate
102 according to the second preferred embodiment of the
present invention and FIG. 5B 1s an exploded perspective
view ol the multilayer substrate 102. FIG. 6 1s a B-B
cross-sectional view of the multilayer substrate 102 1n FIG.
S5A.

The multilayer substrate 102 includes a stacked body 10A
obtained by stacking a plurality of insulating base matenals
12 and 13, a conductor provided on any one of the plurality
of mnsulating base materials 12 and 13, and a protective layer
1. The stacked body 10A, as illustrated in FIG. 5B, 1s
obtained by stacking the two insulating base materials 12
and 13 1n this order. The stacked body 10A further includes
the protective layer 1 provided on the first primary surface
V51 of the stacked body 10A.

A first signal line 41 and a second ground conductor 32
are provided on the surface of the insulating base material
12. The configurations of the first signal line 41 and the
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second ground conductor 32 are the same or substantially
the same as the configurations according to the first pre-
terred embodiment. It 1s to be noted that a second interlayer
connection conductor (the second interlayer connection con-
ductor V2 1n FIG. 1B) 1s not provided 1n the msulating base
material 12 according to the second preferred embodiment.

A second signal line 42, a first ground conductor 31, and
first signal conductors 51 and 52 are provided on the surface
of the insulating base material 13. In addition, the msulating
base material 13 includes eight first interlayer connection
conductors V1 and interlayer connection conductors V11
and V12, for example. The configurations of the second
signal line 42, the first ground conductor 31, the first signal
conductors 51 and 52, the first interlayer connection con-
ductor V1, and the interlayer connection conductors V11 and
V12 are the same or substantially the same as the configu-
rations according to the first preferred embodiment.

The protective layer 1 includes the same or substantially
the same shape 1n a plan view as the insulating base material
13, and 1s provided on the upper surface of the insulating
base material 13. The protective layer 1 includes opening
portions AP2 and AP6 at positions corresponding to the
positions of the first signal conductors 31 and 352, and
includes openming portions AP1 and AP3 at positions corre-
sponding to the positions of the first end and second end of
the second signal line 42. In addition, the protective layer 1
includes opening portions AP3 and AP4 at positions in the
vicinity of the opening portions AP1 and AP2 and corre-
sponding to the position of the first ground conductor 31.
Further, the protective layer 1 includes opening portions
AP7 and AP8 at positions 1n the vicinity of the opeming
portions AP5 and AP6 and corresponding to the position of
the first ground conductor 31.

Therelfore, even when the protective layer 1 1s provided on
the upper surface of the insulating base material 13, the first
signal conductors 51 and 52, a portion of the second signal
line (the second signal conductors 73 and 74 1n FIG. 5A),
and a portion of the first ground conductor 31 (ground
conductors 85, 86, 87, and 88) are exposed on the first
primary surface VS1 of the stacked body 10A. In the second
preferred embodiment, each of the first signal conductors 51
and 52 corresponds to a “first external connection elec-
trode”, and each of the second signal conductors 73 and 74
in FIG. 5A corresponds to a “second external connection
clectrode”.

In the second preferred embodiment, as 1llustrated 1n FIG.
6, the first signal line 41, the first ground conductor 31, and
the 1nsulating base material 13 interposed between the first
signal line 41 and the first ground conductor 31 defines a first
transmission line CL1. In addition, 1n the second preferred
embodiment, the second signal line 42, the second ground
conductor 32, and the 1insulating base material 13 interposed
between the second signal line 42 and the second ground
conductor 32 defines a second transmission line CL2.

Since the number of msulating base materials defining a
stacked body according to the second preferred embodiment
1s smaller than the number of insulating base materials of the
stacked body 10 according to the first preferred embodi-
ment, a multilayer substrate that 1s thinner than the multi-
layer substrate 101 according to the first preferred embodi-
ment 1s able to be obtained. However, 1n terms of ensuring
the 1solation between the first transmission line CL1 and the
second transmission line CL2, the configuration according
to the first pretferred embodiment 1s preferable.

It 1s to be noted that, while the first preferred embodiment
of the present provides an example 1n which the first signal
line 41 and the second ground conductor 32 are provided on
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the front surface of the insulating base material 12 and the
second signal line 42 and the first ground conductor 31

provided on the front surface of the insulating base material
13, the present invention 1s not limited to such a configu-
ration. For example, the second signal line 42 and the first
ground conductor 31 may be provided on the front surface
of the mnsulating base material 13, and the first signal line 41
and the second ground conductor 32 may be provided on the
rear surface of the insulating base material 13.

Third Preterred Embodiment

A third preferred embodiment of the present mmvention
describes a multilayer substrate further including a fifth
ground conductor and a sixth ground conductor.

FIG. 7A 1s a perspective view of a multilayer substrate
103 according to the third preferred embodiment of the
present invention and FIG. 7B 1s an exploded perspective
view ol a line portion SL of the multilayer substrate 103.
FIG. 8 1s a C-C cross-sectional view of the multilayer
substrate 103 in FIG. 7A.

The multilayer substrate 103 1s different from the multi-
layer substrate 101 according to the first preferred embodi-
ment 1n that the multilayer substrate 103 further includes a
conductor (a fifth ground conductor 35, a sixth ground
conductor 36, a fourth interlayer connection conductor V4,
a fifth interlayer connection conductor V3, a sixth interlayer
connection conductor V6, and a seventh interlayer connec-
tion conductor V7) provided in any one of the plurality of
insulating base materials 11, 12, 13, and 14. Other configu-
rations are substantially the same as the configurations of the
multilayer substrate 101.

As 1llustrated 1 FIG. 7B, a first signal line 41, a second
ground conductor 32, and a fifth ground conductor 335 are
provided on the surface of the msulating base material 12.
The fifth ground conductor 35 1s a conductor that 1s disposed
in the vicinity of the first side (the lower side of the
insulating base material 12 1n FIG. 7B) of the insulating base
material 12 and extends in the X-axis direction. The fifth
ground conductor 35 1s a conductor pattern made of a
material such as a Cu foil, for example.

In addition, the insulating base material 12 includes a
plurality of second interlayer connection conductors V2, and
a plurality of sixth interlayer connection conductors V6. The
plurality of sixth interlayer connection conductors Vé are
conductors that are disposed in the vicinity of the first side
of the insulating base material 12 and are arranged 1n the
X-axis direction. As illustrated 1in FIG. 7B, the sixth inter-
layer connection conductors V6 electrically connect the fifth
ground conductor 35 and the third ground conductor 33 to
cach other. The sixth interlayer connection conductors V6
are, for example, via conductors or through holes of which
an mner wall 1s plated, or the like.

A second signal line 42, a first ground conductor 31, a
s1xth ground conductor 36, and the like are provided on the
surface of the insulating base material 13. The sixth ground
conductor 36 1s a conductor that 1s disposed 1n the vicinity
of the second side (the upper side of the msulating base
material 13 1n FIG. 7B) of the insulating base material 13
and extends in the X-axis direction. The sixth ground
conductor 36 1s a conductor pattern made of a material such
as a Cu foil, for example.

In addition, the insulating base material 13 includes a
plurality of first interlayer connection conductors V1, a
plurality of fourth interlayer connection conductors V4, and
a plurality of fifth interlayer connection conductors V5. The
fourth interlayer connection conductors V4 are conductors
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that are disposed 1n the vicinity of the first side (the lower
side of the insulating base material 13 1n FIG. 7B) of the
insulating base material 13 and are arranged 1n the X-axis
direction. The plurality of fifth interlayer connection con-
ductors V5 are conductors that are disposed in the vicinity
of the second side of the msulating base material 13 and are
arranged 1n the X-axis direction. As 1illustrated 1n FIG. 7B,
the fourth interlayer connection conductors V4 electrically
connect the first ground conductor 31 and the fifth ground
conductor 335 to each other. In addition, the fifth interlayer
connection conductors V5 electrically connect the sixth
ground conductor 36 and the second ground conductor 32 to
cach other. The fourth interlayer connection conductors V4
and the fifth interlayer connection conductors V5 are, for
example, via conductors or through holes of which an 1nner
wall 1s plated, or the like.

In addition, the insulating base material 14 includes a
plurality of third interlayer connection conductors V3, and a
plurality of seventh interlayer connection conductors V7.
The seventh interlayer connection conductors V7 are con-
ductors that are disposed in the vicinity of the second side
(the upper side of the insulating base maternial 14 in FIG. 7B)
of the insulating base material 14 and are arranged 1n the
X-axis direction. The seventh interlayer connection conduc-
tors V7 electrically connect the fourth ground conductor 34
and the sixth ground conductor 36 to each other. The seventh
interlayer connection conductors V7 are, for example, via
conductors or through holes of which an 1nner wall 1s plated,
or the like.

As 1llustrated in FIG. 7B and FIG. 8, the fifth ground
conductor 35 1s provided on the same layer as the layer on
which the first signal line 41 and the second ground con-
ductor 32 are provided. In addition, the fifth ground con-
ductor 35 extends 1n parallel or substantially in parallel with
the first signal line 41, and 1s disposed on an opposite side

the left side of the first signal line 41 1n FIG. 8) away from
the second ground conductor 32 with respect to the first
signal line 41.

Further, as illustrated in FIG. 7B and FIG. 8, the sixth
ground conductor 36 i1s provided on the same layer as the
layer on which the second signal line 42 and the first ground
conductor 31 are provided. In addition, the sixth ground
conductor 36 extends in parallel or substantially in parallel
with the second signal line 42, and 1s disposed on an
opposite side (the right side of the second signal line 42 1n
FIG. 8) away from the first ground conductor 31 with respect
to the second signal line 42.

According to the multilayer substrate 103 of the third
preferred embodiment of the present invention, the follow-
ing advantageous eflects in addition to the advantageous
cllects that have been described 1n the first preferred
embodiment may be obtained.

In the third preferred embodiment, the ground conductors
(the first ground conductor 31, the second ground conductor
32, the third ground conductor 33, the fifth ground conductor
35, the first interlayer connection conductor V1, the second
interlayer connection conductor V2, the fourth interlayer
connection conductor V4, and the sixth imterlayer connec-
tion conductor V6) are disposed in the surrounding four
directions (the positive Y direction, the negative Y direction,
the positive Z direction, and the negative Z direction with
respect to the first signal line 41 1n FIG. 8) of the first signal
line 41, and the first signal line 41 1s surrounded by the
ground conductors 1n the surrounding four directions. In
addition, i1n the third preferred embodiment, the ground
conductors (the first ground conductor 31, the second
ground conductor 32, the fourth ground conductor 34, the
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sixth ground conductor 36, the first interlayer connection
conductor V1, the third interlayer connection conductor V3,

the fifth interlayer connection conductor V5, and the seventh
interlayer connection conductor V7) are disposed in the
surrounding four directions (the positive Y direction, the
negative Y direction, the positive 7Z direction, and the
negative 7Z direction with respect to the second signal line 42
in FIG. 8) of the second signal line 42, and the second signal
line 42 1s surrounded by the ground conductors in the
surrounding four directions. Therefore, with this configura-
tion, the 1solation between the first signal line 41 and the
second signal line 42 1s further increased, and the effect of
reducing cross talk 1s enhanced.

Fourth Preferred Embodiment

A fourth preferred embodiment of the present invention
describes a multilayer substrate with a structure in which a
plurality of transmission lines are branched at the first
connection portion and the second connection portion.

FI1G. 9 1s a perspective view of a multilayer substrate 104
according to the fourth preferred embodiment of the present
invention.

The multilayer substrate 104 includes a stacked body 10B
obtained by stacking a plurality of mnsulating base materials,
and a conductor provided on any one of the plurality of
insulating base materials. The multilayer substrate 104 1s
different from the multilayer substrate 101 according to the
first preferred embodiment 1n that the multilayer substrate
104 includes a first connection portion CP1 in which the first
transmission line and the second transmission line are
branched in a Y shape from the line portion SL, and a second
connection portion CP1 1 which the first transmission line
and the second transmission line are branched 1n a T shape
from the line portion SL. Other configurations are substan-
tially the same as the configurations of the multilayer
substrate 101.

As 1llustrated 1n FIG. 9, the first signal conductors 61 and
62, the second signal conductors 71 and 72, and the ground
conductors 81, 82, 83, 84, 85, 86, 87, and 88 are exposed on
the first primary surface VS1 of the stacked body 10B. The
first signal conductor 61 and the ground conductors 81 and
82 are connection portions of the first transmission line 1n
the first connection portion CP1, and the second signal
conductor 71 and the ground conductors 83 and 84 are
connection portions of the second transmission line in the
first connection portion CP1. In addition, the first signal
conductor 62 and the ground conductors 85 and 86 are
connection portions of the first transmission line in the
second connection portion CP2, and the second signal
conductor 72 and the ground conductors 87 and 88 are
connection portions of the second transmission line in the
second connection portion CP2. In the fourth preferred
embodiment, each of the first signal conductors 61 and 62
corresponds to a “first external connection electrode™, and
cach of the second signal conductors 71 and 72 corresponds
to a “second external connection electrode™.

As described above, a multilayer substrate according to a
preferred embodiment of the present invention may include
a structure 1 which a plurality of transmission lines are
branched. It 1s to be noted that, while the fourth preferred
embodiment of the present imnvention describes an example
of a multilayer substrate 1n which the transmission line 1s
branched ito the first transmission line and the second
transmission line, the present invention is not limited to such
a configuration. As described 1n full detail later, 1n a case of
a multilayer substrate including three or more transmission
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lines, the transmission lines may be branched into one
transmission line and the other transmission lines. For

example, 1n a case of a multilayer substrate including a first
transmission line, a second transmission line, and a third
transmission line, the transmission lines may be branched
into the first transmission line and the second transmission
line, and the third transmission line.

Fifth Preferred Embodiment

A fifth preferred embodiment of the present imvention
describes a multilayer substrate including two or more
transmission lines.

FIG. 10 1s a cross-sectional view of a line portion of a
multilayer substrate 105 according to the fifth preferred
embodiment of the present invention.

The multilayer substrate 103 includes a stacked body 10C
obtained by stacking a plurality of insulating base materials
11, 12,13, 14, 15, and 16, a conductor (such as a first signal
line 41, a second signal line 42, a third signal line 43, a
fourth signal line 44, a fifth signal line 45, a first ground
conductor 31, a second ground conductor 32, a third ground
conductor 33, a fourth ground conductor 34, a fifth ground
conductor 35, a sixth ground conductor 36, a seventh ground
conductor 37, a first interlayer connection conductor V1, a
second interlayer connection conductor V2, a third inter-
layer connection conductor V3, an eighth interlayer connec-
tion conductor V8, a ninth interlayer connection conductor
V9, and a tenth interlayer connection conductor V10) pro-
vided in any one of the plurality of insulating base materials

11, 12, 13, 14, 15, and 16, and protective layers 1 and 2.

As 1llustrated 1n FIG. 10, the stacked body 10C 1s obtained
by stacking the msulating base materials 11, 12, 13, 14, 15,
and 16 1n this order. The protective layer 1 1s provided on the
first primary surface VS1 of the stacked body 10C, and the
protective layer 2 1s provided on the second primary surface
VS2 of the stacked body 10C.

As 1llustrated mn FIG. 10, the first signal line 41, the
second signal line 42, the third signal line 43, the fourth
signal line 44, and the fifth signal line 45 are disposed at
different layers, respectively, and extend in parallel or sub-
stantially in parallel with each other when viewed in the
7-axi1s direction.

In addition, as illustrated in FIG. 10, the first ground
conductor 31 1s provided on the same layer as the layer on
which the second signal line 42 1s provided, and 1s over-
lapped with the first signal line 41 and the third signal line
43 when viewed 1n the Z-axis direction. The second ground
conductor 32 1s provided on the same layer as the layer on
which the first signal line 41 1s provided, and 1s overlapped
with the second signal line 42 and the fourth signal line 44
when viewed 1n the Z-axis direction.

The third ground conductor 33, as illustrated in FIG. 10,
1s a conductor provided over substantially the entire surface
of the second primary surface VS2 of the stacked body 10C.
Therefore, the third ground conductor 33 1s disposed to face
the first ground conductor 31 across the first signal line 41
with respect to the Z-axis direction, and 1s disposed to face
the second ground conductor 32 across the fourth signal line
44 with respect to the Z-axis direction.

The fourth ground conductor 34 is provided on a layer
different from the layer on which the first ground conductor
31 is provided, and 1s disposed to face the second ground
conductor 32 across the second signal line 42 with respect to
the Z-axis direction.

The fifth ground conductor 335, as illustrated 1n FIG. 10,

1s a conductor provided over substantially the entire surface
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of the first primary surface VS1 of the stacked body 10C.
Therefore, the fifth ground conductor 33 1s disposed to face
the first ground conductor 31 across the third signal line 43
with respect to the Z-axis direction, and 1s disposed to face
the fourth ground conductor 34 across the fifth signal line 45
with respect to the Z-axis direction.

The first ground conductor 31, the second ground con-
ductor 32, the third ground conductor 33, the fourth ground
conductor 34, the fifth ground conductor 35, the sixth
ground conductor 36, and the seventh ground conductor 37
are electrically connected with each other through the inter-
layer connection conductors (the first interlayer connection
conductor V1, the second interlayer connection conductor
V2, the third interlayer connection conductor V3, the eighth
interlayer connection conductor V8, the ninth interlayer
connection conductor V9, and the tenth interlayer connec-
tion conductor V10).

In the fifth preferred embodiment, the first signal line 41,
the first ground conductor 31, the third ground conductor 33,
the 1insulating base material 13 interposed between the first
signal line 41 and the first ground conductor 31, and the
insulating base materials 11 and 12 interposed between the
first signal line 41 and the third ground conductor 33 define
a first transmission line. In the fifth preferred embodiment,
the second signal line 42, the second ground conductor 32,
the fourth ground conductor 34, the insulating base material
13 interposed between the second signal line 42 and the
second ground conductor 32, and the insulating base mate-
rial 14 mterposed between the second signal line 42 and the
fourth ground conductor 34 define a second transmission
line.

Further, in the fifth preferred embodiment, the third signal
line 43, the first ground conductor 31, the fifth ground
conductor 35, the insulating base material 14 interposed
between the third signal line 43 and the first ground con-
ductor 31, and the insulating base materials 15 and 16
interposed between the third signal line 43 and the fifth
ground conductor 35 define a third transmission line. In the
fifth preferred embodiment, the fourth signal line 44, the
second ground conductor 32, the third ground conductor 33,
the insulating base material 12 interposed between the fourth
signal line 44 and the second ground conductor 32, and the
insulating base matenial 11 nterposed between the fourth
signal line 44 and the third ground conductor 33 define a
fourth transmission line. In the fifth preferred embodiment,
the fifth signal line 45, the fourth ground conductor 34, the
fifth ground conductor 35, the insulating base material 135
interposed between the fifth signal line 45 and the fourth
ground conductor 34, and the insulating base material 16
interposed between the fifth signal line 45 and the fifth
ground conductor 35 define a fifth transmission line.

In the fifth preferred embodiment, as illustrated in FIG.
10, the two 1nsulating base materials 11 and 12 are inter-
posed between the first signal line 41 and the third ground
conductor 33. Accordingly, 1n comparison with a configu-
ration 1n which one insulating base material 1s 1nterposed
between a signal line and a ground conductor, a gap between
the first signal line 41 and the third ground conductor 33
becomes large, so that capacitance to be generated between
the first signal line 41 and the third ground conductor 33 1s
able to be reduced. Therefore, with this configuration, since
a line width (the width 1n the Y-axis direction) of the first
signal line 41 1s able to be made larger than a line width of
other signal transmission lines (the second signal line 42, the
fourth signal line 44, and the fifth signal line 435, for
example), direct-current resistance of the first signal line 41
1s able to be reduced.
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Similarly, in the fifth preferred embodiment, as 1llustrated
in FI1G. 10, the two insulating base materials 15 and 16 are
interposed between the third signal line 43 and the fifth
ground conductor 335. Therefore, with this configuration,
since a line width (the width in the Y-axis direction) of the
third signal line 43 1s able to be made larger than a line width
of other signal transmission lines (the second signal line 42,
the fourth signal line 44, and the fifth signal line 45, for
example), direct-current resistance of the third signal line 43

1s able to be reduced.
As 1illustrated 1n FIG. 10, in the fifth preferred embodi-

ment, the protective layer 1 covers the entirety of the fifth
ground conductor 35 provided over substantially the entire
surface of the first primary surface VS1 (the msulating base

material 16) of the stacked body 10C. Therelfore, although

the joining strength between the protective layer 1 and the
stacked body 10C 1s reduced and causes the protective layer
1 to become easily separated from the stacked body 10C,
even when the protective layer 1 1s separated, a change 1n
clectrical characteristics of the multilayer substrate 1s small.

Similarly, in the fifth preferred embodiment, the protec-
tive layer 2 covers the entirety of the third ground conductor
33 provided over substantially the entire surface of the
second primary surface VS2 (the insulating base material
11) of the stacked body 10C. Therefore, although the pro-
tective layer 2 becomes easily separated from the stacked
body 10C, even when the protective layer 2 1s separated, the
change in electrical characteristics of the multilayer sub-
strate 1s small.

In addition, while the fifth preferred embodiment of the
present provides an example of a multilayer substrate
including five transmission lines, the present invention 1s not
limited to such a configuration. The number of transmission
lines that are provided on the multilayer substrate 1s able to
be appropnately changed as long as the number 1s two or
more.

Sixth Preferred Embodiment

A sixth preferred embodiment of the present invention
describes a multilayer substrate including three transmission
lines. FIGS. 11A to 11D are exploded plan views of a
multilayer substrate 106 according to the sixth preferred
embodiment of the present mmvention. FIG. 12 1s a cross-
sectional view of the multilayer substrate 106 according to
the sixth preferred embodiment of the present invention.
FIG. 12 illustrates a D-D cross-section illustrated 1in FIGS.
11A to 11D.

The multilayer substrate 106 according to the sixth pre-
terred embodiment 1s different from the multilayer substrate
101 according to the first preferred embodiment 1n that the
multilayer substrate 106 turther includes a third transmission
line CL3 1n addition to the first transmission line CLL1 and
the second transmission line CL2. The basic configuration
such as a material of each component of the multilayer
substrate 106 1s the same as or similar to the configuration
of the multilayer substrate 101 according to the first pre-
terred embodiment, and a description of the same or similar
configuration will be omaitted.

The multilayer substrate 106 includes a stacked body 10,
a first ground conductor 31, a second ground conductor 32,
a third ground conductor 33, a fourth ground conductor 34,
an eighth ground conductor 38, a first signal line 41, a
second signal line 42, and a third signal line 43. The
multilayer substrate 106 includes first signal conductors 31
and 52 and external connection conductors 711, 712, 721,
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722, 731, and 732. The stacked body 10 1s obtained by
stacking the insulating base materials 11, 12, 13, and 14 1n
this order.

The third ground conductor 33 1s provided on a surface of
the insulating base material 11 on a side opposite to the
insulating base material 12. The third ground conductor 33
1s provided on the entirety of the surface.

The first signal line 41, the second ground conductor 32,
and the eighth ground conductor 38 are provided on the
surface of the insulating base material 12 on the side of the
insulating base material 13. Each of the first signal line 41,
the second ground conductor 32, and the eighth ground
conductor 38 has a rectangular or substantially rectangular
shape of which the X-axis direction 1s a longitudinal direc-
tion. The width (the length in the Y-axis direction) of the
second ground conductor 32 is the same or substantially the
same as the width (the length 1n the Y-axis direction) of the
cighth ground conductor 38. The width (the length 1n the
Y-axis direction) of the first signal line 41 1s smaller than the
width of the second ground conductor 32 and the width of
the eighth ground conductor 38.

The first signal line 41, the second ground conductor 32,
and the eighth ground conductor 38 are disposed at intervals
in the Y-axis direction and extend in parallel or substantially
in parallel with each other in the X-axis direction. In the
Y-axis direction, the first signal line 41 1s disposed between
the second ground conductor 32 and the eighth ground
conductor 38. The second ground conductor 32 and the
eighth ground conductor 38 are disposed at positions sym-
metric to each other with respect to a reference plane that
extends through the center 1n the width direction of the first
signal line 41 and 1s 1n parallel or substantially in parallel to
the X-axis direction and the Z-axis direction. It 1s to be noted
that, 1n the cross-sectional view illustrated 1n FIG. 12, the
second ground conductor 32 and the eighth ground conduc-
tor 38 are disposed at positions that are in line symmetry
with respect to a dashed-dotted line that extends in the
Z-axis direction through the center 1n the width direction of
the first signal line 41. This reference plane also means a
reference plane that extends 1n the X-axis direction through
the center 1n the width direction of the insulating base
material 12.

The second signal line 42, the third signal line 43, the first
ground conductor 31, and the first signal conductors 51 and
52 are provided on the surface of the insulating base material
13 on the side of the nsulating base material 14.

The second signal line 42, the third signal line 43, the first
ground conductor 31 each have a rectangular or substantially
rectangular shape of which the X-axis direction 1s a longi-
tudinal direction. The width (the length in the Y-axis direc-
tion) of the second signal line 42 1s the same or substantially
the same as the width (length 1n the Y-axis dlrectlon) of the
third signal line 43. The width (the length in the Y-axis
direction) of the first ground conductor 31 1s larger than the
width of the second signal line 42 and the width of the third
signal line 43.

The second signal line 42, the third signal line 43, and the
first ground conductor 31 are disposed at intervals in the
Y-axis direction and extend in parallel or substantially in
parallel with each other in the X-axis direction. In the Y-axis
direction, the first ground conductor 31 1s disposed between
the second signal line 42 and the third signal line 43. The
second signal line 42 and the third signal line 43 are
disposed at positions symmetric to each other with respect to
a reference plane that extends through the center in the width
direction of the first ground conductor 31 and 1s 1n parallel
or substantially in parallel to the X-axis direction and the
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Z-axis direction. It 1s to be noted that, in the cross-sectional
view 1llustrated in FI1G. 12, the second signal line 42 and the
third signal line 43 are disposed at positions that are 1n line
symmetry with respect to a dashed-dotted line that extends
in the Z-axis direction through the center in the width
direction of the first ground conductor 31.

As viewed 1n the stacking direction, the second signal line
42 1s overlapped with the second ground conductor 32 over
the entire length in the longitudinal direction (the X-axis
direction). As viewed in the stacking direction, the third
signal line 43 1s overlapped with the eighth ground conduc-
tor 38 over the entire length 1n the longitudinal direction (the
X-axis direction).

As viewed m the stacking direction, the first ground
conductor 31 1s overlapped with the first signal line 41 over
the enfire length 1n the longitudinal direction (the X-axis
direction). Further, when viewed in the stacking direction,
the first ground conductor 31 1s overlapped with an end
portion of the second ground conductor 32 on the side of the
first signal line 41 and an end portion of the eighth ground
conductor 38 on the side of the first signal line 41.

Each of the first signal conductors 51 and 52 has a
rectangular or substantially rectangular shape. As viewed 1n
the stacking direction, the first signal conductor 31 1s over-
lapped with one end portion of the first signal line 41 1n the
longitudinal direction (the X-axis direction), and the first
signal conductor 52 1s overlapped with the other end portion
of the first signal line 41 1n the longitudinal direction (the
X-axis direction).

The fourth ground conductor 34 and the external connec-
tion conductors 711, 712, 721, 722, 731, and 732 are
provided on a surface of the msulating base material 14 on
a side opposite to the insulating base material 13. The fourth
ground conductor 1s provided over substantially the entire
surface of the insulating base material 14 on the side
opposite to the mnsulating base material 13.

The external connection conductors 711, 712, 721, 722,
731, and 732 each have a rectangular or substantially
rectangular shape, and are spaced from the fourth ground
conductor 34 through opening portions (conductor-iree por-
tions) AP11, AP12, AP21, AP22, AP31, and AP32.

The external connection conductors 711, 721, and 731 are
provided 1n the vicimity of one end of the insulating base
material 14 1n the longitudinal direction (the X-axis direc-
tion). As viewed 1in the stacking direction, the external
connection conductor 711 1s overlapped with the first signal
conductor 51, the external connection conductor 721 1s
overlapped with the second signal line 42, and the external
connection conductor 731 1s overlapped with the third signal
line 43.

The external connection conductors 712, 722, and 732 are
provided 1n the vicinity of the other end of the insulating
base material 14 1n the longitudinal direction (the X-axis
direction). When viewed 1n the stacking direction, the exter-
nal connection conductor 712 i1s overlapped with the first
signal conductor 52, the external connection conductor 722
1s overlapped with the second signal line 42, and the external
connection conductor 732 1s overlapped with the third signal
line 43.

The insulating base material 11 includes a plurality of
interlayer connection conductors V31. A portion of the
insulating base material 12 that 1s overlapped with the
second ground conductor 32 and the eighth ground conduc-
tor 38 includes a plurality of second interlayer connection
conductors V2. As viewed in the stacking direction, the
arrangement pattern of the plurality of interlayer connection
conductors V31 1s the same as the arrangement pattern of the
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plurality of second interlayer connection conductors V2, and
an 1nterlayer connection conductor V31 and a second inter-
layer connection conductor V2 at the same position are
connected to each other. As a result, the second ground
conductor 32 and the third ground conductor 33 are con-
nected at a plurality of points, and the eighth ground
conductor 38 and the third ground conductor 33 are con-
nected at a plurality of points.

A portion of the insulating base material 13 that 1s
overlapped with the first ground conductor 31 includes a
plurality of first interlayer connection conductors V1. More
specifically, when wviewed in the stacking direction, the
plurality of first interlayer connection conductors V1 are
provided 1n the portion with which the first ground conduc-
tor 31, the second ground conductor 32, and the eighth
ground conductor 38 are overlapped. As a result, the first
ground conductor 31 and the second ground conductor 32
are connected at a plurality of points, and the first ground
conductor 31 and the eighth ground conductor 38 are
connected at a plurality of points.

Further, when wviewed in the stacking direction, the
arrangement pattern of the plurality of first interlayer con-
nection conductors V1 1s the same as the arrangement
pattern of the plurality of imterlayer connection conductors
V31 and the plurality of second interlayer connection con-
ductors V2.

A portion of the insulating base maternial 13 that 1s
overlapped with the first signal conductor 51 includes an
interlayer connection conductor V32. As a result, the first
signal conductor 51 and the first signal line 41 are con-
nected. A portion of the msulating base material 13 that 1s
overlapped with the first signal conductor 352 includes an
interlayer connection conductor V33. As a result, the first
signal conductor 52 and the first signal line 41 are con-
nected.

A portion of the insulating base material 14 that 1s
overlapped with the fourth ground conductor 34 includes a
plurality of third interlayer connection conductors V3. More
specifically, when wviewed in the stacking direction, the
plurality of third interlayer connection conductors V3 are
provided 1n the portion with which the fourth ground con-
ductor 34 and the first ground conductor 31 are overlapped.
As a result, the fourth ground conductor 34 and the first
ground conductor 31 are connected at a plurality of points.

It 1s to be noted that, when viewed in the stacking
direction, the plurality of third interlayer connection con-
ductors V3 are disposed at positions that are overlapped with
at least positions on which the plurality of first interlayer
connection conductors V1 are disposed. Further, the plural-
ity of third interlayer connection conductors V3, when
viewed 1n the stacking direction, are disposed between the
external connection conductors 721 and 731 and between
the external connection conductors 722 and 732, respec-
tively.

Portions of the insulating base material 14 that are over-
lapped with the external connection conductors 711, 712,
721, 722, 731, and 732 include interlayer connection con-
ductors V34, V35, V41,V42, V43, and V44, respectively. As
a result, the external connection conductor 711 1s connected
to the first signal conductor 51, and the external connection
conductor 712 1s connected to the first signal conductor 52.
The external connection conductors 721 and 722 are con-
nected to the second signal line 42, and the external con-
nection conductors 731 and 732 are connected to the third
signal line 43.

With use of such a configuration, the multilayer substrate
106 includes a first transmission line CL.1, a second trans-
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mission line CL.2, and a third transmission line CL3. The
first transmission line CL1 1s provided by disposing the first
signal line 41 between the first ground conductor 31 and the
third ground conductor 33. The second transmission line
CL2 1s provided by disposing the second signal line 42
between the second ground conductor 32 and the fourth
ground conductor 34. The third transmission line CL3 1s
provided by disposing the third signal line 43 between the
fourth ground conductor 34 and the eighth ground conductor
38.

As described above, since all of the first transmission line
CL1, the second transmission line CL.2, and the third trans-
mission line CL3 that are provided in the multilayer sub-
strate 106 are structured such that a ground conductor 1s
disposed on the both sides of a signal conductor in the
stacking direction, the unnecessary radiation to the outside
by all the transmission lines 1s sigmificantly reduced or
prevented reliably.

In addition, the multilayer substrate 106, when viewed 1n
the stacking direction, includes a third ground conductor 33
that 1s overlapped with all of the first signal line 41, the
second signal line 42, and the third signal lines 43 on the
second primary surface VS2 of the stacked body 10, and
includes the fourth ground conductor 34 of the first primary
surface VS1 of the stacked body 10. As a result, the
unnecessary radiation to the outside 1s significantly reduced
or prevented further reliably to all of the first transmission
line CL1, the second transmission line CL.2, and the third
transmission line CL3.

In addition, 1n the multilayer substrate 106, the first signal
line 41 1s disposed between the second ground conductor 32
and the eighth ground conductor 38 1n the Y-axis direction,
so that unnecessary radiation 1n the Y-axis direction 1s also
significantly reduced or prevented. Further, in the Y-axis
direction of the first signal line 41, a plurality of interlayer
connection conductors (the first interlayer connection con-
ductor V1, the second interlayer connection conductor V2,
the interlayer connection conductor V31) arranged in the
X-axis direction are disposed and are connected to the first
ground conductor 31, the second ground conductor 32, the
third ground conductor 33, and the eighth ground conductor
38, so that the unnecessary radiation in the Y-axis direction
1s Turther significantly reduced or prevented.

In addition, the first ground conductor 31 having a greater
length 1n the Y-axis direction than the length of the second
signal line 42 and the third signal line 43 1s disposed
between the second signal line 42 and the third signal line 43
in the Y-axis direction, so that higher isolation between the
second signal line 42 and the third signal line 43 1s able to
be ensured.

In addition, 1n the multilayer substrate 106, the second
signal line 42 and the third signal line 43 are symmetric to
cach other with respect to a reference plane that extends
through the center in the Y-axis direction (the width direc-
tion) of the multilayer substrate 106 and 1s in parallel or
substantially 1n parallel to the X-axis direction and the
Z-axis direction. Further, the ground conductors configuring
cach transmission line are also arranged symmetric to each
other with respect to the reference plane. Therefore, the
second transmission line CL2 and the third transmission line
CL3 are also symmetric with respect to the reference plane.
As a result, structural and electromagnetic balance 1n the
width direction (the Y-axis direction) in the multilayer
substrate 106 1s improved. In addition, with such a configu-
ration, the occurrence of uneven 1rregularities on the surface
(the first primary surface VS1 or the second primary surface
VS2) of the multilayer substrate 106 1s able to be signifi-
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cantly reduced or prevented, so that the bending workability
of the multilayer substrate and the mounting performance of
the multilayer substrate to be mounted on a circuit board or
the like are improved.

Seventh Preferred Embodiment

FIGS. 13A to 13D are exploded plan views of a multilayer
substrate 107 according to a seventh preferred embodiment
of the present invention. The multilayer substrate 107
according to the seventh preferred embodiment i1s different
from the multilayer substrate 106 according to the sixth
preferred embodiment 1n the configuration of a first ground
conductor 31F, a second signal line 42F, and a third signal
line 43F. Other configurations of the multilayer substrate
1077 are the same as or similar to the configurations of the
multilayer substrate 106, and a description of the same or
similar configuration will be omitted.

The first ground conductor 31F 1ncludes protruding por-
tions 312F and 313F. The protruding portions 312F and
313F partially protrude 1n the Y-axis direction at predeter-
mined positions 1n the X-axis direction of the first ground
conductor 31F.

The width (the length 1n the Y-axis direction) of the first
ground conductor 31F 1s smaller than the width of the first
ground conductor 31 of the multilayer substrate 106
described 1n the sixth preferred embodiment (see FIGS. 11A
to 11D).

The protruding portion 312F protrudes to the side of the
second signal line 42F in the first ground conductor 31F. The
protruding portion 313F protrudes to the side of the third
signal line 43F 1n the first ground conductor 31F.

The second signal line 42F includes a bent portion 420F.
The second signal line 42F, as compared with the second
signal line 42 of the multilayer substrate 106 illustrated 1n
FIGS. 11A to 11D, 1s disposed closer to the first ground
conductor 31F 1n the Y-axis direction, that 1s, to the center
position 1n the insulating base material 13 1 the Y-axis
direction. Most of the second signal line 42F 1n the longi-
tudinal direction except the bent portion 420F 1s overlapped
with the protruding portion 312F of the first ground con-
ductor 31F in the Y-axis direction. The bent portion 420F 1s
disposed along the outer periphery of the protruding portion
312F. In other words, the bent portion 420F, when viewed 1n
the Z-axis direction, 1s provided 1n a shape that bypasses the
protruding portion 312F.

The third signal line 43F includes a plurality of bent
portions 430F. The third signal line 43F, as compared with
the third signal line 43 of the multilayer substrate 106
illustrated 1n FIGS. 11 A to 11D, 1s disposed closer to the first
ground conductor 31F in the Y-axis direction, that 1s, to the
center position in the insulating base material 13 in the
Y-axis direction. Most of the third signal line 43F 1n the
longitudinal direction except the bent portion 430F 1s over-
lapped with the protruding portion 313F of the first ground
conductor 31F 1n the Y-axis direction. The bent portion 430F
1s disposed along the outer periphery of the protruding
portion 313F. In other words, the bent portion 430F, when
viewed 1n the Z-axis direction, 1s provided in a shape that
bypasses the protruding portion 313F.

With such a configuration, the width (the length 1n the
Y-axis direction) of the stacked body 10, that 1s, the multi-
layer substrate 107, 1s able to be reduced.

Eighth Preferred Embodiment

FIGS. 14A to 14D are exploded plan views of a multilayer
substrate 108 according to an eighth preferred embodiment
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of the present invention. The multilayer substrate 108
according to the eighth preferred embodiment 1s different

from the multilayer substrate 106 according to the sixth
preferred embodiment in the configuration of a first signal
line 41F, a second ground conductor 32F, and an eighth
ground conductor 38F. Other configurations of the multi-
layer substrate 108 are the same as or similar to the con-
figurations of the multilayer substrate 106, and a description
of the same or similar configuration will be omitted.

The second ground conductor 32F includes a protruding
portion 321F. The protruding portion 321F partially pro-
trudes 1n the Y-axis direction at a predetermined position in
the X-axis direction of the second ground conductor 32F.
The protruding portion 321F protrudes to the side of the first
signal line 41F.

The eighth ground conductor 38F includes a plurality of
protruding portions 381F. The plurality of protruding por-
tions 381F partially protrude in the Y-axis direction at
predetermined positions in the X-axis direction of the eighth
ground conductor 38F. The plurality of protruding portions
381F protrude to the side of the first signal line 41F.

The first signal line 41F includes bent portions 412F and
413F. The bent portion 412F 1s disposed along the outer
periphery of the protruding portions 381F of the eighth
ground conductor 38F. In other words, the bent portion 412F,
when viewed 1n the Z-axis direction, 1s provided in a shape
that bypasses the protruding portion 381F. The bent portion
413F 1s disposed along the outer periphery of the protruding
portions 321F of the second ground conductor 32F. In other
words, the bent portion 413F, when viewed 1n the Z-axis
direction, 1s provided 1n a shape that bypasses the protruding
portion 321F.

With such a configuration, 1n a similar manner to the
multilayer substrate 107 according to the seventh preferred
embodiment, the width (the length 1n the Y-axis direction) of
the multilayer substrate 108, that 1s, the stacked body 10, 1s
able to be reduced.

Ninth Preterred Embodiment

FIG. 15 1s a cross-sectional view of a multilayer substrate
109 according to a nminth preferred embodiment of the
present invention. The multilayer substrate 109 according to
the ninth preferred embodiment 1s different from the multi-
layer substrate 106 according to the sixth preferred embodi-
ment 1n that the multilayer substrate 109 further includes a
fourth transmission line CL4. Other configurations of the
multilayer substrate 109 are the same as or similar to the
configurations of the multilayer substrate 106, and a descrip-
tion of the same or similar configuration will be omatted.

The multilayer substrate 109, 1n addition to the configu-
ration of the multilayer substrate 106, includes a fourth
signal line 44, ninth ground conductors 392 and 393, and a
plurality of interlayer connection conductors V40. The
fourth signal line 44, the ninth ground conductors 392 and
393, and the plurality of mterlayer connection conductors
V40 are provided in the stacked body 10.

The fourth signal line 44 1s provided between the first
ground conductor 31 and the fourth ground conductor 34 1n
the Z-axis direction. The position of the fourth signal line 44
in the Y-axis direction 1s the same as the position of the first
signal line 41. The shape of the fourth signal line 44 1s the
same or substantially the same as the shape of the first signal
line 41 except the end portions in the longitudinal direction.

The ninth ground conductor 392 is provided between the
second signal line 42 and the fourth ground conductor 34 1n
the Z-axis direction. The position of the ninth ground
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conductor 392 in the Z-axis direction 1s the same or sub-
stantially the same as the position of the fourth signal line
44. The position of the ninth ground conductor 392 in the
Y-axis direction 1s the same or substantially the same as the
position of the second ground conductor 32. The shape of the
ninth ground conductor 392 is the same or substantially the
same as the shape of the second ground conductor 32.

The ninth ground conductor 393 1s provided between the
third signal line 43 and the fourth ground conductor 34 1n the
Z-axi1s direction. The position of the minth ground conductor
393 in the Z-axis direction 1s the same or substantially the
same as the position of the fourth signal line 44. The position
of the ninth ground conductor 393 1n the Y-axis direction 1s
the same or substantially the same as the position of the
eighth ground conductor 38. The shape of the ninth ground
conductor 393 1s the same or substantially the same as the
shape of the eighth ground conductor 38.

The plurality of interlayer connection conductors V40 are
overlapped with the plurality of third interlayer connection
conductors V3 when the stacked body 10 1s viewed in the
Y-axis direction. The plurality of interlayer connection con-
ductors V40 electrically connect the ninth ground conduc-
tors 392 and 393 and the fourth ground conductor 34 to each
other. In addition, the plurality of third interlayer connection
conductors V3 electrically connect the ninth ground con-
ductors 392 and 393 and the first ground conductor 31 to
cach other.

With the configuration of the multilayer substrate 109
according to the ninth preferred embodiment, the multilayer
substrate 109 includes a first transmission line CLL1, a second
transmission line CIL.2, a third transmission line CL.3, and a
fourth transmission line CL4. The first transmission line
CL1 1s provided by disposing the first signal line 41 between
the first ground conductor 31 and the third ground conductor
33. The second transmission line CL2 1s provided by dis-
posing the second signal line 42 between the second ground
conductor 32 and the ninth ground conductor 392. The third
transmission line CL3 1s provided by disposing the third
signal line 43 between the eighth ground conductor 38 and
the ninth ground conductor 393. The fourth transmission line
CL4 1s provided by disposing the fourth signal line 44
between the first ground conductor 31 and the fourth ground
conductor 34.

With the configuration of the multilayer substrate 109
according to the ninth preferred embodiment, the following
operational eflect 1s able to be further obtained 1n addition to
the operational effect obtained by the multilayer substrate
106.

In the multilayer substrate 109, the first signal line 41 and
the fourth signal line 44 are symmetric to each other with
respect to a reference plane that extends through the center
in the Z-axis direction (the stacking direction) of the mul-
tilayer substrate 109 and 1s 1n parallel or substantially in
parallel to the X-axis direction and the Z-axis direction. It 1s
to be noted that, in the cross-sectional view 1illustrated 1n
FIG. 15, the first signal line 41 and the fourth signal line 44
are 1n line symmetry with respect to a dashed-dotted line that
extends in the Y-axis direction through the center in the
Z-axis direction (the stacking direction) of the multilayer
substrate 109. Further, the ground conductors of each trans-
mission line are also disposed symmetric to each other with
respect to the reference plane. Therefore, the first transmis-
sion line CL1 and the fourth transmission line CL4 are also
symmetric with respect to the reference plane. As a result,
structural (physical) balance 1n the stacking direction 1n the
multilayer substrate 109 1s improved and electromagnetic
balance 1s also 1improved.
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It 1s to be noted that the structural (physical) balance in the
stacking direction 1s able to be improved, so that the

occurrence of the uneven irregularities of the multilayer
substrate 1s significantly reduced or prevented and the
mounting performance of the multilayer substrate to be
mounted on a circuit board or the like 1s improved. In
addition, a warp 1n the stacking direction of the multilayer
substrate 109 1s significantly reduced or prevented from
occurring.

Tenth Preterred Embodiment

FIG. 16 1s a cross-sectional view of a multilayer substrate
110 according to a tenth preferred embodiment of the
present invention. The multilayer substrate 110 according to
the tenth preferred embodiment 1s different from the multi-
layer substrate 109 according to the ninth preferred embodi-
ment 1n that the multilayer substrate 110 further includes a
plurality of transmission lines CL5 to CL12. Other basic
configurations of the multilayer substrate 110 are the same
as or similar to the basic configurations of the multilayer
substrate 109, and a description of the same or similar
configuration will be omitted.

As 1llustrated 1n FIG. 16, the multilayer substrate 110
includes 12 signal lines 40A, 408, 40C, 40D, 40K, 40F, 40G,
40H, 401, 40K, 40L, and 40M, a first ground conductor 31,
a second ground conductor 32, a third ground conductor 33,
a fourth ground conductor 34, an eighth ground conductor
38, and ninth ground conductors 392, 393, 394, 395, 3961,
3962, 397, 398, 3991, and 3992.

The signal lines 40A and 40E, the second ground con-
ductor 32, the eighth ground conductor 38, and the ninth
ground conductor 3961 are arranged side by side in the
Y-axis direction. This layer 1s referred to as a first lateral
conductor line layer. In such a case, the eighth ground
conductor 38, the signal line 40A, the second ground con-
ductor 32, the signal line 40E, and the minth ground con-
ductor 3961 are disposed 1n this order from a first end toward
a second end of the Y-axis direction.

The signal lines 40C, 40B, and 40E, the first ground
conductor 31, and the ninth ground conductor 395 are
arranged side by side 1n the Y-axis direction. This layer 1s
referred to as a second lateral conductor line layer. In such
a case, the signal line 40C, the first ground conductor 31, the
signal line 40B, the ninth ground conductor 395, and the
signal line 40F are disposed 1n this order from the first en
toward the second end of the Y-axis direction.

The signal lines 40D and 40G, and the ninth ground
conductors 392, 393, and 3962 are arranged side by side 1n
the Y-axis direction. This layer 1s referred to as a third lateral
conductor line layer. In such a case, the ninth ground
conductor 393, the signal line 40D, the ninth ground con-
ductor 392, the signal line 40G, and the ninth ground
conductor 3962 are disposed 1n this order from the first end
toward the second end 1n the Y-axis direction.

The signal lines 40H, 40J, and 40K, and the ninth ground
conductors 394 and 397 are arranged side by side in the
Y-axis direction. This layer 1s referred to as a fourth lateral
conductor line layer. In such a case, the signal line 40H, the
ninth ground conductor 394, the signal line 40J, the ninth
ground conductor 397, and the signal line 40K are disposed
in this order from the first end toward the second end of the
Y-axis direction.

The signal lines 40L and 40M, and the ninth ground
conductors 398, 3991, and 3992 are arranged side by side 1n
the Y-axis direction. This layer 1s referred to as a fifth lateral
conductor line layer. In such a case, the ninth ground
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conductor 398, the signal line 40L, the ninth ground con-
ductor 3991, the signal line 40M, and the ninth ground
conductor 3992 are disposed 1n this order from the first end
toward the second end 1n the Y-axis direction.

The first lateral conductor line layer, the second lateral
conductor line layer, the third lateral conductor line layer,
the fourth lateral conductor line layer, and the fifth lateral
conductor line layer are arranged in this order from the
second primary surface VS2 to the first primary surface VS1
of the stacked body 10.

The signal line 40C and the signal line 40H are disposed
at positions that are overlapped with each other when
viewed 1n the Z-axis direction. The signal line 40A, the
signal line 40D, and the signal line 40L are disposed at
positions that are overlapped with each other when viewed
in the Z-axis direction. The signal line 40B and the signal
line 40J are disposed at positions that are overlapped with
cach other when viewed 1n the Z-axis direction. The signal
line 40E, the signal line 40G, and the signal line 40M are
disposed at positions that are overlapped with each other,
when viewed 1n the Z-axis direction. The signal line 40F and
the signal line 40K are disposed at positions that are over-
lapped with each other when viewed 1n the Z-axis direction.

The first ground conductor 31 1s disposed between the
signal line 40A and the signal line 40D in the Z-axis
direction of the stacked body 10, and 1s overlapped with the
signal line 40A and the signal line 40D when viewed 1n the
Z-axi1s direction.

The second ground conductor 32 1s disposed between the
signal line 40B and the third ground conductor 33 1n the
Z-axis direction of the stacked body 10, and 1s overlapped
with the signal line 40B and the third ground conductor 33
when viewed in the Z-axis direction.

The eighth ground conductor 38 1s disposed between the
signal line 40C and the third ground conductor 33 in the
Z-axis direction of the stacked body 10, and 1s overlapped
with the signal line 40C and the third ground conductor 33
when viewed 1n the Z axis direction.

The ninth ground conductor 392 is disposed between the
signal line 40B and the signal line 40J 1n the Z-axis direction
of the stacked body 10, and 1s overlapped with the signal line

40B and the signal line 40J] when viewed in the Z-axis
direction.

The nminth ground conductor 393 is disposed between the
signal line 40C and the signal line 40H in the Z-axis
direction of the stacked body 10, and 1s overlapped with the
signal line 40C and the signal line 40H when viewed 1n the
Z-axi1s direction.

The ninth ground conductor 394 is disposed between the
signal line 40D and the signal line 40L in the Z-axis
direction of the stacked body 10, and 1s overlapped with the
signal line 40D and the signal line 40L. when viewed 1n the
Z-axi1s direction.

The ninth ground conductor 395 1s disposed between the
signal line 40E and the signal line 40G 1in the Z-axis
direction of the stacked body 10, and 1s overlapped with the
signal line 40E and the signal line 40G when viewed 1n the
Z-axis direction.

The ninth ground conductor 3961 1s disposed between the
signal line 40F and the third ground conductor 33 in the
Z-axis direction of the stacked body 10, and 1s overlapped
with the signal line 40F and the third ground conductor 33
when viewed 1n the Z-axis direction.

The ninth ground conductor 3962 1s disposed between the
signal line 40F and the signal line 40K in the Z-axis
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direction of the stacked body 10, and 1s overlapped with the
signal line 40F and the signal line 40K when viewed 1n the
Z-axis direction.

The ninth ground conductor 397 1s disposed between the
signal line 40G and the signal line 40M 1n the Z-axis
direction of the stacked body 10, and 1s overlapped with the
signal line 40G and the signal line 40M when viewed 1n the
Z-axis direction.

The ninth ground conductor 398 1s disposed between the
signal line 40H and the fourth ground conductor 34 1n the
Z-axis direction of the stacked body 10, and 1s overlappe
with the signal line 40H and the fourth ground conductor 34
when viewed 1n the Z-axis direction.

The ninth ground conductor 3991 1s disposed between the
signal line 40J] and the fourth ground conductor 34 in the
Z-axis direction of the stacked body 10, and 1s overlapped
with the signal line 40J and the fourth ground conductor 34
when viewed in the Z-axis direction.

The ninth ground conductor 3992 1s disposed between the
signal line 40K and the fourth ground conductor 34 1n the
Z-axis direction of the stacked body 10, and 1s overlapped
with the signal line 40K and the fourth ground conductor 34
when viewed 1n the Z-axis direction.

In other words, the 12 signal lines 40A, 408, 40C, 40D,
40E, 40F, 40G, 40H, 40J, 40K, 40L, and 40M, the first
ground conductor 31, the second ground conductor 32, the
eighth ground conductor 38, the nminth ground conductors
392, 393, 394, 395, 3961, 3962, 397, 398, 3991, and 3992
are disposed alternately with each other 1n two dimensions
ol the Y-axis direction and the Z-axis direction in the stacked
body 10. Then, all of the 12 signal lines 40A to 40M, the first
ground conductor 31, the second ground conductor 32, the
cighth ground conductor 38, the nminth ground conductors
392, 393, 394, 395, 3961, 3962, 397, 398, 3991, and 3992
are overlapped with the third ground conductor 33 and the
fourth ground conductor 34 when the stacked body 10 1is
viewed 1n the Z-axis direction.

The interlayer connection conductor V11 i1s disposed
between the positions of the signal lines 40C and 40H and
the positions of the signal lines 40A, 40D, and 40L in the
Y-axis direction. One end in the direction in which the
interlayer connection conductor V11 extends 1s connected to
the third ground conductor 33, and the other end 1s con-
nected to the fourth ground conductor 34. The interlayer
connection conductor V11 1s connected to the eighth ground
conductor 38, the first ground conductor 31, the ninth
ground conductor 393, the ninth ground conductor 394, and
the ninth ground conductor 398.

The interlayer connection conductor V12 i1s disposed
between the positions of the signal lines 40A, 40D, and 40L
and the positions of the signal lines 40B and 40J] in the
Y-axis direction. One end in the direction i which the
interlayer connection conductor V12 extends 1s connected to
the third ground conductor 33, and the other end 1s con-
nected to the fourth ground conductor 34. The interlayer
connection conductor V12 1s connected to the second
ground conductor 32, the first ground conductor 31, the
ninth ground conductor 392, the nminth ground conductor
394, and the minth ground conductor 3991.

The interlayer connection conductor V13 i1s disposed
between the positions of the signal lines 40B and 40J and the
positions of the signal lines 40E, 40G, and 40M 1n the Y-axis
direction. One end 1n the direction 1n which the interlayer
connection conductor V13 extends i1s connected to the third
ground conductor 33, and the other end 1s connected to the
fourth ground conductor 34. The interlayer connection con-
ductor V13 1s connected to the second ground conductor 32,
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the ninth ground conductor 395, the ninth ground conductor
392, the ninth ground conductor 397, and the ninth ground
conductor 3991.

The interlayer connection conductor V14 1s disposed
between the positions of the signal lines 40E, 40G, and 40M
and the positions of the signal lines 40F and 40K 1n the
Y-axis direction. One end in the direction i which the
interlayer connection conductor V14 extends 1s connected to
the third ground conductor 33, and the other end i1s con-
nected to the fourth ground conductor 34. The interlayer
connection conductor V14 1s connected to the ninth ground
conductor 3961, the ninth ground conductor 395, the ninth
ground conductor 3962, the ninth ground conductor 397, and
the ninth ground conductor 3992.

With such a configuration, the multilayer substrate 110
includes a first transmission line CILL1, a second transmission
line CL.2, a third transmission line CL.3, a fourth transmis-
sion line CL4, a fifth transmission line CLS5, a sixth trans-
mission line CL6, a seventh transmission line CL7, an eighth
transmission line CL8, a ninth transmission line CL.9, a tenth
transmission line CI.10, an eleventh transmission line CL11,
and a twelfth transmission line CL12.

The first transmission line CL1 1s provided by disposing
the signal line 40A between the first ground conductor 31
and the third ground conductor 33. The second transmission
line CL2 1s provided by disposing the signal line 40B
between the second ground conductor 32 and the ninth
ground conductor 392. The third transmission line CL3 1s
provided by disposing the signal line 40C between the
cighth ground conductor 38 and the ninth ground conductor
393. The fourth transmission line CL4 1s provided by
disposing the signal line 40D between the first ground
conductor 31 and the ninth ground conductor 394. The fifth
transmission line CL3 1s provided by disposing the signal
line 40FE between the ninth ground conductor 395 and the
third ground conductor 33. The sixth transmission line CL6
1s provided by disposing the signal line 40F between the
ninth ground conductor 3961 and the ninth ground conduc-
tor 3962. The seventh transmission line CL7 1s provided by
disposing the signal line 40G between the ninth ground
conductor 395 and the ninth ground conductor 397. The
eighth transmission line CL8 1s provided by disposing the
signal line 40H between the ninth ground conductor 393 and
the ninth ground conductor 398. The ninth transmission line
CL9 1s provided by disposing the signal line 40J between the
ninth ground conductor 392 and the ninth ground conductor
3991. The tenth transmission line CL10 1s provided by
disposing the signal line 40K between the ninth ground
conductor 3962 and the ninth ground conductor 3992. The
cleventh transmaission line CL11 1s provided by disposing
the signal line 40L between the ninth ground conductor 394
and the fourth ground conductor 34. The twelith transmis-
s1on line CL12 1s provided by disposing the signal line 40M
between the ninth ground conductor 397 and the fourth
ground conductor 34.

With the configuration of the multilayer substrate 110
according to the tenth preferred embodiment, all of the 12
transmission lines are disposed symmetrically (in line sym-
metry with respect to any one of dashed-dotted lines 1llus-
trated 1n FIG. 16) with respect to any of the reference planes
illustrated 1n FIG. 16. Further, the 12 transmission lines, 1n
other words, the arrangement patterns of the entire trans-
mission lines provided in the multilayer substrate 110 are
symmetric with respect to a reference plane (a dashed-dotted
line that extends in the Z-axis direction through the center 1n
the Y-axis direction of the signal lines 40B and 40J in FIG.
16) that extends through the center of the Y-axis direction of
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the signal lines 40B and 407 and 1s 1n parallel or substantially
in parallel to the X-axis direction and the Z-axis direction,
and also with respect to a reference plane (a dashed-dotted
line that extends 1n the Y-axis direction through the center 1n
the Z-axis direction of the signal lines 40D and 40G 1n FIG.
16) that extends through the center of the Z-axis direction of
the signal lines 40D and 40G and 1s 1n parallel or substan-
tially 1n parallel to the X-axis direction and the Y-axis
direction.

Specifically, the {following symmetric patterns are
obtained 1n the Y-axis direction. The first transmission line
CL1 and the fifth transmission line CL3 extend through the
center of the Y-axis direction of the signal lines 40B and 401,
and are symmetric with respect to a reference plane 1n
parallel or substantially in parallel to the X-axis direction
and the Z-axis direction. In the cross-sectional view 1llus-
trated in FIG. 16, the first transmission line CLL.1 and the fifth
transmission line CLS are in line symmetry with respect to
a dashed-dotted line that extends in the Z-axis direction
through the center 1n the Y-axis direction of the signal lines
40B and 40J. The fourth transmission line CL4 and the
seventh transmission line CL7 extend through the center of
the Y-axis direction of the signal lines 40B and 40J, and are
symmetric with respect to a reference plane that extends 1n
the X-axis direction and the Z-axis direction. In the cross-
sectional view 1llustrated in FIG. 16, the fourth transmission
line CLL4 and the seventh transmission line CL7 are in line
symmetry with respect to a dashed-dotted line that extends
in the Z-axis direction through the center in the Y-axis
direction of the signal lines 40B and 40J. The eleventh
transmission line CL11 and the twelfth transmission line
CL12 are symmetric with respect to a reference plane that
extends through the center of the Y-axis direction of the
signal lines 40B and 40J and 1s 1n parallel or substantially 1n
parallel to the X-axis direction and the Z-axis direction. In
the cross-sectional view 1illustrated in FIG. 16, the eleventh
transmission line CL11 and the twelfth transmission line
CL12 are in line symmetry with respect to a dashed-dotted
line that extends in the Z-axis direction through the center 1n
the Y-axis direction of the signal lines 40B and 40J.

The third transmission line CL3 and the second transmis-
sion line CL2 are symmetric with respect to a reference
plane that extends through the center of the Y-axis direction
of the signal lines 40A, 40D, and 40L and 1s 1n parallel or
substantially 1n parallel to the X-axis direction and the
Z-axis direction. In the cross-sectional view illustrated 1n
FIG. 16, the third transmission line CL3 and the second
transmission line CL2 are in line symmetry with respect to
a dashed-dotted line that extends in the Z-axis direction
through the center 1n the Y-axis direction of the signal lines
40A, 40D, and 40L.. The second transmission line CL.2 and
the sixth transmission line CL6 are symmetric with respect
to a reference plane that extends through the center of the
Y-axis direction of the signal lines 40E, 40G, and 40M and
1s 1n parallel or substantially in parallel to the X-axis
direction and the Z-axis direction. In the cross-sectional
view 1llustrated in FIG. 16, the second transmission line CI.2
and the sixth transmission line CL6 are 1in line symmetry
with respect to a dashed-dotted line that extends in the
Z-axi1s direction through the center in the Y-axis direction of
the signal lines 40E, 40G, and 40L. The third transmission
line CL3 and the sixth transmission line CL6 are symmetric
with respect to a reference plane that extends through the
center of the Y-axis direction of the signal lines 40B and 40J]
and 1s 1n parallel or substantially in parallel to the X-axis
direction and the Z-axis direction. In the cross-sectional
view 1llustrated in FIG. 16, the third transmission line CL.3
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and the sixth transmission line CL6 are 1in line symmetry
with respect to a dashed-dotted line that extends in the
Z-axi1s direction through the center in the Y-axis direction of
the signal lines 40B and 401.

The eighth transmission line CL8 and the ninth transmis-
sion line CL9 are symmetric with respect to a reference
plane that extends through the center of the Y-axis direction
of the signal lines 40A, 40D, and 40L and 1s 1n parallel or
substantially 1n parallel to the X-axis direction and the
Z-axis direction. In the cross-sectional view illustrated in
FIG. 16, the eighth transmission line CL8 and the ninth
transmission line CL9 are in line symmetry with respect to
a dashed-dotted line that extends in the Z-axis direction
through the center in the Y-axis direction of the signal lines
40A, 40D, and 40L.. The ninth transmission line CL.9 and the
tenth transmission line CL10 are symmetric with respect to
a reference plane that extends through the center of the
Y-axis direction of the signal lines 40E, 40G, and 40M and
1s 1n parallel or substantially in parallel to the X-axis
direction and the Z-axis direction. In the cross-sectional
view 1llustrated in FIG. 16, the ninth transmission line CL.9
and the tenth transmission line CL10 are 1n line symmetry
with respect to a dashed-dotted line that extends in the
Z-axi1s direction through the center in the Y-axis direction of
the signal lines 40E, 40G, and 40M. The eighth transmission
line CL8 and the tenth transmission line CL10 are symmet-
ric with respect to a reference plane that extends through the
center of the Y-axis direction of the signal lines 40B and 40J]
and 1s 1n parallel or substantially in parallel to the X-axis
direction and the Z-axis direction. In the cross-sectional
view 1llustrated 1n FIG. 16, the eighth transmission line CL8
and the tenth transmission line CL10 are 1n line symmetry
with respect to a dashed-dotted line that extends in the
Z-axi1s direction through the center in the Y-axis direction of
the signal lines 40B and 401.

In addition, the following symmetric patterns are obtained
in the Z-axis direction. The third transmission line CL3 and
the eighth transmission line CL8 are symmetric with respect
to a reference plane that extends through the center of the
Z-axis direction of the signal lines 40D and 40G and 1s 1n
parallel or substantially in parallel to the X-axis direction
and the Y-axis direction. In the cross-sectional view 1llus-
trated 1n FIG. 16, the third transmission line CL3 and the
cighth transmission line CL8 are in line symmetry with
respect to a dashed-dotted line that extends in the Y-axis
direction through the center in the Z-axis direction of the
signal lines 40D and 40G. The second transmission line CL2
and the ninth transmission line CL9 are symmetric with
respect to a reference plane that extends through the center
of the Z-axis direction of the signal lines 40D and 40G and
1s 1n parallel or substantially in parallel to the X-axis
direction and the Y-axis direction. In the cross-sectional
view 1llustrated in FIG. 16, the second transmission line CI.2
and the minth transmission line CL9 are i line symmetry
with respect to a dashed-dotted line that extends in the
Y-axis direction through the center in the Z-axis direction of
the signal lines 40D and 40G. The sixth transmission line
CL6 and the tenth transmission line CL10 are symmetric
with respect to a reference plane that extends through the
center of the Z-axis direction of the signal lines 40D and
40G and 1s 1n parallel or substantially 1n parallel to the
X-axis direction and the Y-axis direction. In the cross-
sectional view 1llustrated 1in FIG. 16, the sixth transmission
line CL6 and the tenth transmission line CL10 are in line
symmetry with respect to a dashed-dotted line that extends
in the Y-axis direction through the center in the Z-axis
direction of the signal lines 40D and 40G.

10

15

20

25

30

35

40

45

50

55

60

65

36

The first transmission line CL1 and the fourth transmis-
sion line CL4 are symmetric with respect to a reference
plane that extends through the center of the Z-axis direction
of the signal lines 40C, 40B, and 40F and 1s 1n parallel or
substantially 1n parallel to the X-axis direction and the
Y-axis direction. In the cross-sectional view illustrated in
FIG. 16, the first transmission line CLL1 and the fourth
transmission line CL4 are in line symmetry with respect to
a dashed-dotted line that extends in the Y-axis direction
through the center 1n the Z-axis direction of the signal lines
40C, 40B, and 40F. The fourth transmission line CI.4 and the
cleventh transmission line CL11 are symmetric with respect
to a reference plane that extends through the center of the
Z-axi1s direction of the signal lines 40H, 40J, and 40K and 1s
in parallel or substantially 1n parallel to the X-axis direction
and the Y-axis direction. In the cross-sectional view 1llus-
trated 1n FIG. 16, the fourth transmission line CI.4 and the
cleventh transmaission line CL11 are in line symmetry with
respect to a dashed-dotted line that extends in the Y-axis
direction through the center in the Z-axis direction of the
signal lines 40C, 408, and 40F. The first transmission line
CL1 and the eleventh transmission line CLL11 are symmetric
with respect to a reference plane that extends through the
center of the Z-axis direction of the signal lines 40D and
40G and 1s 1n parallel or substantially 1n parallel to the
X-axis direction and the Y-axis direction. In the cross-
sectional view illustrated 1n FIG. 16, the first transmission
line CL1 and the eleventh transmission line CL11 are in line
symmetry with respect to a dashed-dotted line that extends
in the Y-axis direction through the center in the Z-axis
direction of the signal lines 40C, 40B, and 40F.

The fifth transmission line CL5 and the seventh transmis-
sion line CL7 are symmetric with respect to a reference
plane that extends through the center of the Z-axis direction
of the signal lines 40C, 40B, and 40F and 1s 1n parallel or
substantially 1n parallel to the X-axis direction and the
Y-axis direction. In the cross-sectional view illustrated in
FI1G. 16, the fifth transmission line CLLS and the seventh
transmission line CL7 are in line symmetry with respect to
a dashed-dotted line that extends 1n the Y-axis direction
through the center in the Z-axis direction of the signal lines
40C, 40B, and 40F. The seventh transmission line CL7 and
the twellfth transmission line CL12 are symmetric with
respect to a reference plane that extends through the center
of the Z-axis direction of the signal lines 40H, 40J, and 40K,
and 1s 1n parallel or substantially in parallel to the X-axis
direction and the Y-axis direction. In the cross-sectional
view 1llustrated 1n FIG. 16, the seventh transmission line
CL7 and the twellth transmission line CLL12 are in line
symmetry with respect to a dashed-dotted line that extends
in the Y-axis direction through the center in the Z-axis
direction of the signal lines 40H, 40J, and 40K. The fifth
transmission line CL5 and the twelfth transmission line
CL12 are symmetric with respect to a reference plane that
extends through the center of the Z-axis direction of the
signal lines 40D and 40G and 1s in parallel or substantially
in parallel to the X-axis direction and the Y-axis direction. In
the cross-sectional view 1illustrated in FIG. 16, the fifth
transmission line CLS and the twelfth transmission line
CL12 are in line symmetry with respect to a dashed-dotted
line that extends 1n the Y-axis direction through the center 1n
the Z-axis direction of the signal lines 40D and 40G.

As aresult, 1n a stmilar manner to the multilayer substrate
109, structural and electromagnetic balance 1n the multilayer
substrate 110 1s 1improved.

It 1s to be noted that, while the tenth preferred embodi-
ment of the present invention describes the example in
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which the 12 transmission lines are provided 1n the stacked
body 10, more than 12 transmission lines may be able to be

provided 1n the stacked body 10 by a similar configuration.

In addition, although described above, by using the mul-
tilayer substrate described in each preferred embodiment, an
clectronic device as illustrated 1n FIG. 17 1s able to be
obtained. FIG. 17 1s an external perspective view of an
clectronic device 202 according to the tenth preferred
embodiment of the present invention. It 1s to be noted that,
while FIG. 17 illustrates the example 1n which the multilayer
substrate 106 1s used, the multilayer substrates according to
other preferred embodiments are also able to provide a
similar structure.

The electronic device 202 includes a multilayer substrate
106, a circuit board 302, and a plurality of mounted com-
ponents 320. The multilayer substrate 106 and the plurality
of mounted components 320 are mounted on the surface of
the circuit board 302. The multilayer substrate 106 1s dis-
posed such that the first primary surface VS1 faces the
surface of the circuit board 302. Each of the external
connection conductors of the multilayer substrate 106 1s
joined to a land conductor provided on the surface of the
circuit board 302. In such a case, each of the external
connection conductors 1s joined to a land conductor only
through a conductive joining material such as solder. In
other words, the multilayer substrate 106 1s surface-mounted
on the circuit board 302.

As described above, when the multilayer substrate 106 1s
surface-mounted on the circuit board 302, the distance
between the multilayer substrate 106 and the surface of the
circuit board 302 becomes smaller as compared with an
example 1 which a connector or the like 1s used. However,
as described above, the multilayer substrate 106 includes a
tourth ground conductor 34 on the first primary surface VS1,
the fourth ground conductor 34 being overlapped with all the
signal lines 1n the stacked body 10 (see FIG. 12). Theretore,
unnecessary radiation from the multilayer substrate 106 to
the circuit board 302 1s significantly reduced or prevented.
As a result, electromagnetic coupling between the multilayer
substrate 106 and the circuit board 302 1s significantly
reduced or prevented. In addition, the fourth ground con-
ductor 34 that 1s overlapped with all the signal lines 1n the
stacked body 10 1s provided, so that the occurrence of the
uneven wrregularities of the surface (the first primary surface
V81 or the second primary surface VS2) of the multilayer
substrate 106 1s significantly reduced or prevented, and the
mounting performance during surface-mounting to the cir-
cuit board 302 or the like 1s improved.

Eleventh Preterred Embodiment

FIG. 18A 1s a cross-sectional view of a multilayer sub-
strate 111 according to an eleventh preferred embodiment of
the present invention, and FIG. 18B 1s an enlarged cross-
sectional view of a ZP portion 1n FIG. 18A. The multilayer
substrate 111 according to the eleventh preferred embodi-
ment 1s different from the multilayer substrate 106 according
to the sixth preferred embodiment i1n that the multilayer
substrate 111 includes first intermediate ground conductors
M31A and M31B, and second intermediate ground conduc-
tors M32A and M32B. In addition, the stacked body 10 of
the multilayer substrate 111 1s different from the multilayer
substrate 106 1n that five insulating base materials are
stacked. Other configurations of the multilayer substrate 111
are substantially the same as the configurations of the
multilayer substrate 106, and a description of the same or
similar configuration will be omuitted.
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As 1llustrated i FIG. 18A, the first intermediate ground
conductor M31A 1s provided between a layer on which a first
signal line 41 1s provided and a layer on which a second
signal line 42 1s provided, i1n the stacking direction (the
Z-axis direction). The first intermediate ground conductor
M31A 1s disposed between the first signal line 41 and the
second signal line 42 when viewed in the stacking direction.
The first intermediate ground conductor M31A continuously
extends 1n parallel or substantially in parallel with the first
signal line 41 and the second signal line 42 (not illustrated).
At least a portion of the first intermediate ground conductor
31A1s overlapped with a first ground conductor 31, a second
ground conductor 32, a third ground conductor 33, and a
fourth ground conductor 34 when viewed 1n the stacking
direction. The first intermediate ground conductor M31A 1s
connected to the first ground conductor 31 through an
interlayer connection conductor V1A, and 1s connected to
the second ground conductor 32 through an interlayer con-
nection conductor V1B.

The first mtermediate ground conductor M31B 1s pro-
vided between the layer on which the first signal line 41 1s
provided and a layer on which a third signal line 43 1s
provided, with respect to the stacking direction. The first
intermediate ground conductor M31B 1s disposed between
the first signal line 41 and the third signal line 43 when
viewed 1n the stacking direction. The first intermediate
ground conductor M31B continuously extends 1n parallel or
substantially in parallel with the first signal line 41 and the
third signal line 43 (not illustrated). At least a portion of the
first intermediate ground conductor 31B 1s overlapped with
the first ground conductor 31, the third ground conductor 33,
the fourth ground conductor 34, and an eighth ground
conductor 38 when viewed 1n the stacking direction. The
first intermediate ground conductor M31B 1s connected to
the first ground conductor 31 through the interlayer connec-
tion conductor V1A, and 1s connected to the eighth ground
conductor 38 through the interlayer connection conductor
V1B.

Heremaftter, although only the first intermediate ground
conductor M31A 1s mainly described, the first intermediate
ground conductor M31B also has the same or substantially
the same configuration.

As 1llustrated 1n FIG. 18B, the first intermediate ground
conductor M31A extends farther toward the first signal line
41 than to the second ground conductor 32 when viewed 1n
the stacking direction, and includes a portion that 1s not
overlapped with the second ground conductor 32. It 1s to be
noted that the first intermediate ground conductor M31A 1s
spaced farther apart from the first signal line 41 than at least
one of the other ground conductors (such as the first ground
conductor 31, the second ground conductor 32, the third
ground conductor 33). Specifically, as illustrated 1n FIG.
18B, when a distance between the first signal line 41 and the
first ground conductor 31 1s indicated by L11, a distance
between the first signal line 41 and the second ground
conductor 32 1s indicated by LL12, a distance between the
first signal line 41 and the third ground conductor 33 1is
indicated by .13, and a distance between the first signal line
41 and the first imtermediate ground conductor M31A 1s
indicated by LM1, the distance LM1 1s larger than any one
of the distances .11, .12, and [.13.

In addition, as illustrated 1n FIG. 18B, the first interme-
diate ground conductor M31A extends farther toward the
second signal line 42 than to the first ground conductor 31
when viewed in the stacking direction, and includes a
portion that 1s not overlapped with the first ground conductor
31. It 1s to be noted that the first intermediate ground
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conductor M31A 1s spaced farther apart from the second
signal line 42 than at least one of the other ground conduc-
tors (such as the first ground conductor 31, the second
ground conductor 32, the fourth ground conductor 34).
Specifically, as illustrated in FIG. 18B, when a distance
between the second signal line 42 and the first ground
conductor 31 1s indicated by .21, a distance between the
second signal line 42 and the second ground conductor 32 1s
indicated by .22, a distance between the second signal line
42 and the fourth ground conductor 34 is indicated by 1.24,
and a distance between the second signal line 42 and the first
intermediate ground conductor M31A i1s indicated by LM2,
the distance LM2 1s larger than any one of the distances .21,
.22, and [.24.

Further, the thickness of the first mtermediate ground
conductor M31A 1n the stacking direction 1s thinner than the
thickness of the other ground conductors (the first ground
conductor 31, the second ground conductor 32, the third
ground conductor 33, and the fourth ground conductor 34)
in the stacking direction.

As 1llustrated 1n FIGS. 18A and 18B, the second inter-
mediate ground conductor M32A 1s provided between the
layer on which the first signal line 41 1s provided and the
second primary surface VS2, with respect to the stacking
direction. The second mtermediate ground conductor M32A
continuously extends 1n parallel or substantially in parallel
with the first signal line 41 (not illustrated). The second
intermediate ground conductor M32A 1s connected to the
second ground conductor 32 through an iterlayer connec-
tion conductor V2A, and 1s connected to the third ground
conductor 33 through an interlayer connection conductor
V2B.

The second intermediate ground conductor M32B 1s pro-
vided between the layer on which the first signal line 41 1s
provided and the second primary surface VS2, with respect
to the stacking direction. The second intermediate ground
conductor M32B continuously extends in parallel or sub-
stantially 1n parallel with the first signal line 41 (not 1llus-
trated). The second intermediate ground conductor M32B 1s
connected to the eighth ground conductor 38 through the
interlayer connection conductor V2A, and 1s connected to
the third ground conductor 33 through an interlayer connec-
tion conductor V2B.

According to the multilayer substrate 111 according to the
cleventh preferred embodiment, the following operational
ellect 1s able to be further obtained.

In the multilayer substrate 111, the first intermediate
ground conductor M31A 1s prowded between the layer on
which the first signal line 41 1s provided and the layer on
which the second signal line 42 1s provided, with respect to
the stacking direction. In addition, the first intermediate
ground conductor M31A 1s disposed between the first signal
line 41 and the second signal line 42 when viewed 1n the
stacking direction. With this configuration, the 1solation
between the first signal line 41 and the second signal line 42
1s Turther increased, and the effect of reducing cross talk 1s
further enhanced. It 1s to be noted that, in the eleventh
preferred embodiment, the first intermediate ground con-
ductor M31B 1s provided, so that the isolation between the
first signal line 41 and the third signal line 43 1s further
increased, and the effect of reducing cross talk i1s further
enhanced.

In addition, 1 the eleventh preferred embodiment, the
first intermediate ground conductor M31A extends farther
toward the first signal line 41 than to the second ground
conductor 32 when viewed 1n the stacking direction, and
includes a portion that 1s not overlapped with the second
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ground conductor 32. With this configuration, since the first
intermediate ground conductor M31A 1s disposed closer to
the first signal line 41, the magnetic field to be generated
around the first signal line 41 1s effectively shielded, and the
isolation between the first signal line 41 and the second
signal line 42 1s able to be further increased.

It 1s to be noted that, 1n the eleventh preferred embodi-
ment, the first itermediate ground conductor M31A 1s
spaced farther apart from the first signal line 41 than at least
one of the other ground conductors. Therefore, the 1solation
between the first signal line 41 and the second signal line 42
1s able to be increased without greatly aflecting capacitance
to be generated between the first signal line 41 and the other
ground conductors.

In addition, m the eleventh preferred embodiment, the
first intermediate ground conductor M31A extends farther
toward the second signal line 42 than to the first ground
conductor 31 when viewed 1n the stacking direction, and
includes a portion that 1s not overlapped with the first ground
conductor 31. With this configuration, since the first inter-
mediate ground conductor M31A 1s disposed closer to the
second signal line 42, the magnetlc field to be generated
around the second signal line 42 1s effectively shielded, and
the 1solation between the first signal line 41 and the second
signal line 42 1s able to be further increased.

It 1s to be noted that, in the eleventh preferred embodi-
ment, the first intermediate ground conductor M31A 1s
spaced farther apart from the second signal line 42 than at
least one of the other ground conductors. Therefore, the
isolation between the first signal line 41 and the second
signal line 42 1s able to be increased without greatly aflect-
ing capacitance to be generated between the second signal
line 42 and the other ground conductors.

Further, the thickness of the first mtermediate ground
conductors M31A and M31B 1n the stacking direction 1is
thinner than the thickness of the other ground conductors in
the stacking direction. Since the first intermediate ground
conductors M31A and M31B are disposed at positions that
are overlapped with a large number of conductors in the
stacking direction, in the eleventh preferred embodiment,
irregularities are easily formed on the surface of the multi-
layer substrate after the stacked body 10 1s obtained. How-
ever, with this configuration, irregularities are able to be
significantly reduced or prevented from being formed on the
surface of the multilayer substrate.

By using the multilayer substrate 111 according to the
cleventh preferred embodiment, the following electronic
device 1s able to be obtamned. FIG. 19 1s an external
perspective view of an electronic device 203 according to
the eleventh preferred embodiment of the present invention.

The electronic device 203 includes a multilayer substrate
111 A and a circuit board 303.

The multilayer substrate 111A 1s different from the mul-
tilayer substrate 111 in that the multilayer substrate 111 A
includes a protective layer 2 on the second primary surface
VS2. Other configurations of the multilayer substrate 111 A
are the same or substantially the same as the configurations
of the multilayer substrate 111. The protective layer 2
includes an opening, and the protective layer 2 1s provided
on the second primary surface VS2, so that a portion of the
third ground conductor 33 1s exposed. The surface of the
circuit board 303 includes a conductor 95, and the inside of
the circuit board 303 includes conductors 96 and 97 and the
like.

The multilayer substrate 111 A 1s disposed such that the
second primary surface VS2 faces the surface of the circuit

board 303. As illustrated in FIG. 19, the third ground
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conductor 33 of the multilayer substrate 111 A 1s joined to the
circuit board 303 through a conductive joining material 4
such as solder. In other words, the multilayer substrate 111 A
1s surface-mounted on the circuit board 303.

Therefore, among the first signal line 41, the second
signal line 42, and the third signal line 43, the first signal line
41 1s disposed closest to the mounting surface (the front
surface) of the circuit board 303. In addition, the second
intermediate ground conductors M32A and M32B are pro-
vided, in the stacking direction (the Z-axis direction),
between the mounting surface and the layer on which the
first signal line 41 1s provided.

With the configuration of the electronic device 203
according to the eleventh preferred embodiment, the fol-
lowing operational eflect 1s able to be further obtained 1n
addition to the operational eflect obtained by the electronic
device 202 described in the tenth preferred embodiment.
Heremaftter, although only the second intermediate ground
conductor M32A 1s mainly described, the second interme-
diate ground conductor M32B also has the same or substan-
tially the same configuration.

In the electronic device 203, among the first signal line 41,
the second signal line 42, and the third signal line 43, the first
signal line 41 1s disposed closest to the mounting surface of
the circuit board 303. In addition, the second intermediate
ground conductors M32A 1s provided, with respect to the
stacking direction, between the mounting surface of the
circuit board 303 and the layer on which the first signal line
41 1s provided. In addition, the second intermediate ground
conductor M32A 1s disposed between the first signal line 41
and the second signal line 42 (si1de of the positive Y direction
of the first signal line 41), when viewed in the stacking
direction. With this configuration, by the magnetic field to be
generated around the first signal line 41, coupling between
the first signal line 41 and the conductors provided 1n contact
with the circuit board 303 1s significantly reduced or pre-
vented (see the magnetic flux ¢1 to be generated around the
first signal line 41 illustrated in FIG. 19).

In addition, 1 the eleventh preferred embodiment, the
second intermediate ground conductor M32A extends far-
ther toward the first signal line 41 than to the second ground
conductor 32 when viewed 1n the stacking direction, and
includes a portion that 1s not overlapped with the second
ground conductor 32. With this configuration, since the
second intermediate ground conductor M32A 1s disposed
closer to the first signal line 41, the magnetic field to be
generated around the first signal line 41 1s eflectively
shielded, and the coupling between the first signal line 41
and the conductors provided in contact with the circuit board
303 is able to be significantly reduced or prevented.

Further, in the eleventh preferred embodiment, the second
intermediate ground conductor M32A 1s spaced farther apart
from the first signal line 41 than at least one of the other
ground conductors. Therefore, the coupling between the first
signal line 41 and the conductors provided in contact with
the circuit board 303 1s able to be sigmificantly reduced or
prevented without greatly aflecting capacitance to be gen-
crated between the first signal line 41 and the other ground
conductors.

In addition, the thickness of the second intermediate
ground conductors M32A and M32B 1n the stacking direc-
tion 1s thinner than the thickness of the other ground
conductors in the stacking direction. Since the second 1nter-
mediate ground conductors M32A and M32B are disposed at
positions that are overlapped with a large number of con-
ductors 1n the stacking direction, in the eleventh preferred
embodiment, irregularities are easily formed on the surface
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of the multilayer substrate after the stacked body 10 1is
obtained. However, according to this configuration, 1rregu-

larities are able to be significantly reduced or prevented from
being formed on the surface of the multilayer substrate.

It 1s to be noted that, while the eleventh preferred embodi-
ment has described the example in which the first interme-
diate ground conductors M31A and M31B and the second
intermediate ground conductors M32A and M32B continu-
ously extend in parallel or substantially 1n parallel with each
other along the first signal line 41 and the second signal line
42, the present imvention 1s not limited to such a configu-
ration. The first intermediate ground conductors and the
second intermediate ground conductors may intermittently
extend in parallel or substantially in parallel with the first
signal line 41 and the second signal line 42. In such a case,
the first intermediate ground conductors and the second
intermediate ground conductors may preferably be con-
nected to another ground conductor by the interlayer con-
nection conductor or the like.

Other Preterred Embodiments

While each of the above described preferred embodiments
1s an example 1n which a stacked body has a rectangular or
substantially rectangular parallelepiped shape, the present
invention 1s not limited to such a configuration. The plane
shape of the stacked body 1s not limited to a rectangle or
substantially a rectangle and i1s able to be appropnately
changed in the range in which the functions and eflects of
preferred embodiments of the present invention are
obtained. The plane shape of the stacked body may be a
circle, an ellipse, a polygon, an L shape, a crank shape, a T
shape, or a Y shape, for example.

While each of the above described preferred embodiments
has described the multilayer substrate provided with the
stacked body obtained by stacking two, four, or six mnsulat-
ing base materials, the present invention 1s not limited to
such a configuration. The number of layers of insulating
base materials to obtain the stacked body 1s able to be
appropriately changed in the range in which the functions
and eflects of preferred embodiments of the present inven-
tion are obtained.

In addition, while each of the above described preferred
embodiments has described the multilayer substrate 1n
which the protective layer 1 1s provided only on the first
primary surface VS1 of the stacked body or the multilayer
substrate in which the protective layers 1 and 2 are provided
on both the first primary surface VS1 and second primary
surface VS2 of the stacked body, the present invention is not
limited to such a configuration. The multilayer substrate may
be a multilayer substrate 1n which the protective layer 1s
provided only on the second primary surface VS2 of the
stacked body. It 1s to be noted that, 1n the multilayer
substrate according to preferred embodiments of the present
invention, a protective layer 1s not essential.

While each of the above described preferred embodiments
has described the example 1n which the connection portions
(the first connection portion CP1 and the second connection
portion CP2) are provided 1n the vicimity of the end portions
(the first end portion and the second end portion) 1n the
longitudinal direction of the stacked body, the present inven-
tion 1s not limited to such a configuration. The positions of
the connection portions are able to be appropriately changed
within the scope of operations and features of the preferred
embodiments of the present invention, the connection por-
tions may be provided in the vicinity of the center in the
longitudinal direction of the stacked body, for example.
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While each of the above described preferred embodiments
has described the multilayer substrate in which the connec-
tion portions (the first connection portion CP1 and the
second connection portion CP2) are provided only on the
first primary surface VS1 of the stacked body 10, the present
invention 1s not limited to such a configuration. The multi-
layer substrate may be a multilayer substrate in which the
connection portion 1s provided only on the second primary
surface VS2 of the stacked body. In addition, the multilayer
substrate may be a multilayer substrate in which the con-
nection portion 1s provided on both the first primary surface
VS1 and second primary surface VS2 of the stacked body.

While each of the above described preferred embodiments
has described the multilayer substrate 1n which the first
connection portion CP1, the line portion SL, and the second
connection portion CP2 are disposed in this order in the
X-axis direction, the present invention 1s not limited to such
a configuration. The arrangement of the connection portions
(the first connection portion CP1, the second connection
portion CP2, and the like) and the line portion SL 1s able to
be appropriately changed 1n the range in which the functions
and eflects of preferred embodiments of the present inven-
tion are obtained. In addition, while each of the above
described preferred embodiments has described the example
in which the line portion SL (the first signal line 41, the
second signal line 42, and the like) 1s a conductor extending
in the X-axis direction, the present invention i1s not limited
to such a configuration. The line portion (the first signal line
41, the second signal line 42, and the like) does not neces-
sarily need to have a linear shape extending in the X-axis
direction, and may bend in the Y-axis direction, for example.

While preferred embodiments of the present imvention
have been described above, it 1s to be understood that
variations and modifications will be apparent to those skilled
in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, there-
fore, 1s to be determined solely by the following claims.

What 1s claimed 1s:

1. A transmission line substrate comprising:

a stacked body that includes a first surface and a second
surface facing each other, includes a first face, a second
face, a third face, and a fourth face, and includes a
plurality of mnsulating base matenal layers stacked on
each other;

a first signal line that i1s provided on any one of the
plurality of msulating base matenial layers;

a second signal line that 1s provided on any one of the
plurality of msulating base matenial layers;

a first ground conductor that i1s provided on any one of the
plurality of msulating base matenial layers;

a second ground conductor that 1s provided on any one of
the plurality of insulating base material layers;

a third ground conductor that 1s provided on any one of
the plurality of insulating base material layers;

a fourth ground conductor that 1s provided on any one of
the plurality of insulating base material layers;

a surface side ground conductor that 1s provided 1n contact
with the stacked body, and 1s overlapped with the first
ground conductor, the second ground conductor, the
first signal line, and the second signal line when viewed
in a stacking direction in which the plurality of insu-
lating base material layers are stacked;

a first interlayer connection conductor that 1s provided in
any one of the plurality of isulating base material
layers;
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a second 1nterlayer connection conductor that 1s provided
in any one of the plurality of nsulating base material
layers;

a third interlayer connection conductor that 1s provided 1n
any one of the plurality of insulating base material
layers;

a fourth interlayer connection conductor that 1s provided
in any one of the plurality of insulating base material
layers;

a plurality of first external connection electrodes that are
provided on at least one of the first surface or the
second surface, and are connected to the first signal
line:

a plurality of second external connection electrodes that
are provided on at least one of the first surface or the
second surface, and are connected to the second signal
line:

a first transmission line including the first signal line, the
first ground conductor, and a first insulating base mate-
rial layer among the plurality of insulating base mate-
rial layers, the first insulating base material layer being
interposed between the first signal line and the first
ground conductor; and

a second transmission line including the second signal
line, the second ground conductor, and the first insu-
lating base material layer being interposed between the
second signal line and the second ground conductor;
wherein

the stacked body has an elongated shape that extends 1n a
transmission direction in which the first signal line and
the second signal line extend;

the second signal line 1s provided on the first face difierent
from the second face on which the first signal line 1s
provided and extends in parallel or substantially in
parallel with the first signal line when viewed in the
stacking direction;

the surface side ground conductor 1s located closer to the
first surface than to the first face:

the first ground conductor 1s provided on the first face, and
1s overlapped with the first signal line when viewed 1n
the stacking direction;

the second ground conductor i1s provided on the second
face, and 1s overlapped with the second signal line
when viewed 1n the stacking direction;

the third ground conductor 1s provided on the third face
different from the second face, and 1s disposed so as to
face the first ground conductor across the first signal
line with respect to the stacking direction;

the fourth ground conductor 1s provided on the fourth face
different from the first face, and 1s disposed so as to face
the second ground conductor across the second signal
line with respect to the stacking direction;

the first interlayer connection conductor electrically con-
nects the first ground conductor and the second ground
conductor;

the first interlayer connection conductor 1s located
between the first signal line and the second signal line
when viewed in the stacking direction, and extends
from the first ground conductor to the second ground
conductor;

the second interlayer connection conductor electrically
connects the second ground conductor and the third
ground conductor;

the second interlayer connection conductor 1s located
between the first signal line and the second signal line
when viewed 1n the stacking direction;

e
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the third interlayer connection conductor electrically con-
nects the first ground conductor and the fourth ground
conductor;

the third interlayer connection conductor i1s located

between the first signal line and the second signal line
when viewed in the stacking direction, and extends
from the first ground conductor to the fourth ground
conductor;

the fourth interlayer connection conductor electrically

connects the fourth ground conductor and the surface
side ground conductor;

the fourth interlayer connection conductor is located

between the first signal line and the second signal line
when viewed 1n the stacking direction;
the plurality of first external connection electrodes are
respectively disposed 1n a vicinity of opposite ends of
the stacked body 1n the transmission direction; and

the plurality of second external connection electrodes are
respectively disposed 1n a vicinity of opposite ends of
the stacked body in the transmission direction.

2. The transmission line substrate according to claim 1,
turther comprising:

a fifth ground conductor that 1s provided on any one of the

plurality of msulating base material layers; and
a sixth ground conductor that 1s provided on any one of
the plurality of insulating base material layers; wherein

the fifth ground conductor 1s provided on the second face,
extends 1n parallel or substantially 1n parallel with the
first signal line, and 1s disposed opposite to the second
ground conductor with respect to the first signal line;
and

the sixth ground conductor i1s provided on the first face,

extends 1n parallel or substantially 1n parallel with the
second signal line, and 1s disposed opposite to the first
ground conductor with respect to the second signal line.

3. The transmission line substrate according to claim 1,
wherein each of the plurality of insulating base material
layers 1s made of a thermoplastic resin.

4. The transmission line substrate according to claim 1,
wherein the first transmission line and the second transmis-
sion line 1mclude a bent portion that 1s bent 1n the stacking
direction.

5. The transmission line substrate according to claim 1,
wherein the stacked body has flexibility.

6. The transmission line substrate according to claim 1,
wherein the surface side ground conductor 1s overlapped
with all signal lines and all ground conductors when viewed
in the stacking direction.

7. The transmission line substrate according to claim 1,
turther comprising a first intermediate ground conductor that
1s provided between the second face and the first face, with
respect to the stacking direction, wherein the first interme-
diate ground conductor 1s disposed between the first signal
line and the second signal line when viewed 1n the stacking
direction.

8. The transmission line substrate according to claim 7,
wherein the first intermediate ground conductor has a thick-
ness smaller in the stacking direction than a thickness of
other ground conductors.

9. The transmission line substrate according to claim 7,
wherein the first intermediate ground conductor 1s spaced
tarther apart from the first signal line or the second signal
line than at least one of other ground conductors.

10. The transmission line substrate according to claim 9,
wherein the first intermediate ground conductor includes a
portion that, when viewed 1n the stacking direction, extends
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tarther toward the first signal line than to the second ground
conductor and 1s not overlapped with the second ground
conductor.

11. The transmission line substrate according to claim 9,
wherein the first intermediate ground conductor includes a
portion that, when viewed 1n the stacking direction, extends
farther toward the second signal line than to the first ground
conductor and 1s not overlapped with the first ground
conductor.

12. The transmission line substrate according to claim 1,
further comprising a third signal line that extends in parallel
or substantially in parallel with the second signal line,
wherein

the third signal line 1s disposed at a same position as the

second signal line in the stacking direction;
the third signal line 1s disposed opposite to the second
signal line across the first ground conductor 1n a width
direction that 1s perpendicular or substantially perpen-
dicular to the stacking direction and a parallel direction
in which signal lines extend 1n parallel or substantially
in parallel with each other; and
the third signal line 1s disposed at a position symmetric to
the second signal line with respect to a reference plane
that extends through a center 1n a width direction of the
first ground conductor and 1s 1n parallel or substantially
in parallel to the parallel direction and the stacking
direction.
13. The transmission line substrate according to claim 12,
further comprising a third transmission line that includes the
third signal line, wherein the third transmission line and the
second transmission line are disposed at positions symmetric
to each other with respect to the reference plane.
14. The transmission line substrate according to claim 1,
further comprising a fourth signal line that extends 1in
parallel or substantially in parallel with the first signal line,
wherein the fourth signal line 1s disposed at a position
symmetric to the first signal line with reference to the first
ground conductor in the stacking direction.
15. The transmission line substrate according to claim 14,
turther comprising a fourth transmission line that includes
the fourth signal line, wherein the fourth transmission line
and the first transmission line are disposed at positions
symmetric to each other with reference to the first ground
conductor.
16. The transmission line substrate according to claim 135,
further comprising transmission lines of a predetermined
number; wherein
the transmission lines of a predetermined number 1include
five or more transmission lines that include the first
transmission line to the fourth transmission line; and

the transmission lines of a predetermined number are
symmetrically disposed 1n the stacking direction and a
first direction perpendicular or substantially perpen-
dicular to the stacking direction.

17. An electronic device comprising:

the transmission line substrate according to claim 1; and

a circuit board on which the transmission line substrate 1s

surtace-mounted.

18. The electronic device according to claim 17, wherein

the circuit board includes a mounting surface;

the first signal line 1s closer to the mounting surface than

the second signal line;

the transmission line substrate includes a second interme-

diate ground conductor that 1s provided between the
mounting surface and the second face, with respect to
the stacking direction; and
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the second intermediate ground conductor 1s disposed
between the first signal line and the second signal line

when viewed 1n the stacking direction.

19. The electronic device according to claim 18, wherein

the second 1ntermediate ground conductor 1s spaced farther

apart from the first signal line than at least one of other
ground conductors.

t

20. The electronic device according to claim 19, wherein
e second mtermediate ground conductor includes a portion

t

nat, when viewed in the stacking direction, extends farther

toward the first signal line than to the second ground
conductor and 1s not overlapped with the second ground
conductor.

21. The electronic device according to claim 18, wherein

the second intermediate ground conductor has a thickness
smaller 1n the stacking direction than a thickness of other
ground conductors.
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